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CORONARY ARTERIES IN RHEUMATIC FEVER*t¢ 


Howarp T. KarsNER, M.D., AND FRANCIS BAYLEss, M.D. 
CLEVELAND, OHIO 
INTRODUCTION 

HE fact that in the course of infectious diseases lesions of the blood 

vessels may oceur has long been known. Suppurative inflammations 
may originate in any coat of an artery, due to blood dissemination of 
bacteria or as the result of direct extension of an inflammation. Less 
familiar are changes whose origin is uncertain and whose nature is dis- 
puted. It is probable that poisonous products of bacteria may produce 
vascular degeneration. In the ease of those diseases now believed to be 
of allergic nature similar degenerations occur. In the allergic condi- 
tions Roessle (1933) has offered the assumption that the vascular lesions 
are part of a general mesenchymal reaction. There is, however, the 
possibility that since allergic processes represent antigen-antibody re- 
actions, the meeting of these bodies may occur especially at the junction 
of blood and tissues in the vessels. This is suggested by the experiments 
of Apitz (1933) who found that when hemorrhage follows the applica- 
tion of crotalus venom it is due to the meeting at the capillary walls of 
the venom and the activating substances contained in the circulating 
blood. The fact that the supposed allergic inflammatory reaction in 
small arteries occurs especially in media and adventitia is probably ex- 
plained by the experiments of Ramsey and Alpert (1933) who found 
that injury of the intima by turpentine or croton oil produces reaction 
only in the outer media and in the adventitia. 

The nature of the process may be clearly degenerative or clearly exuda- 
tive. In connection with the former, proliferation, especially of con- 
of Pathology, Western Reserve University and University Hos- 
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nective tissue, occurs; and there is an academic question as to whether 
this is a substitution process, merely reparative, or a progressive fibrosis 
of inflammatory nature. It is our view that the proliferation is progres. 
sive. Thus the degeneration and proliferation would constitute an 
alterative type of inflammation. 


VASCULAR DISEASE IN GENERAL INFECTIONS 


The earlier studies of Hayem (1869, 1870), of Martin (1881, 1883), 
Huguenin (1883), Landouzy and Siredey (1885, 1887), Therese (1893), 
Hanot (1894) and others drew attention to acute vascular degeneration, 
sometimes with endarterial proliferation, in general infectious diseases. 
The detailed study of the microscopic anatomy was made by Cowan 
(1904), who described intimal proliferation, round cell infiltration of 
the media and adventitial fibrosis of coronary arteries in many general 
infections. Wiesel (1906) laid more emphasis on degenerative changes 
especially in the media of the coronaries, with serous infiltration and 
necrosis. He described swelling and rupture of the elastica interna, in- 
timal proliferation, and fibrosis, which he interpreted as scarring. He 
found that typhoid fever, diphtheria and influenza injured the elastiea 
more severely than did searlatina and septicopyemie diseases. Wiesner 
(1906) confirmed these observations and extended them to inelude 
eclampsia, endocarditis and congenital syphilis. Frothingham (1911) 
reported intimal thickening and fat droplets in intima and media in 
various arteries in general infections. 

Wiesel and Loewy (1919) in a study of peripheral arteries in acute 
and chronie circulatory insufficiency, found coronary lesions only when 
other peripheral arteries were affected. They attributed the vascular 
lesions to earlier infectious diseases and were definitely of the opinion 
that the fibrosis is not inflammatory but reparative and may be accom- 
panied by muscle regeneration. Nevertheless they suggested that the 
acute arterial disease may be the preeursor of arteriosclerosis. Stoerk 
and Epstein (1920), in their study of the arteries in grip, reported 
medial changes like those described by Wiesel and Loewy, fatty degenera- 
tion of the intima, and sometimes a calcification of fragmented elastiea. 
They emphasized muscle regeneration and considered the fibrosis to be 
compensatory to weakening of the wall, according to the old Thoma 
theory. MacLean (1929) and Klotz and Lloyd (1930) have given clear 
evidence of the influence of infectious disease in the production of de- 
generation, inflammation and fibrosis of the coronary arteries. It has 
been suggested that the medial disease may lead to aneurysm formation 
or rupture, and Gastewa (1933) has reported a case of cerebral hemor- 
rhage believed to be due to the vascular lesion of typhoid fever. 

It may be said that general infectious diseases are capable of producing 
degenerative, exudative and proliferative lesions of the arterial system. 


KARSNER-BAYLESS: CORONARY ARTERIES IN RHEUMATIC FEVER 999 


The reports of Mandelstamm (1932) and Gouley, Bellet and McMillan 
(1933) on tuberculous arteritis, Seifried and Cain (1932) on arterial 
lesions of hog cholera, Hansmann and Schenken (1932) on melitensis 
meningo-encephalitis, Schenken and Hansmann (1932) on intestinal 
arteries in mercuric chloride poisoning, of Lillie (1932) on Rocky Moun- 
tain spotted fever, and Gerstel (1933) on pneumonoconiosis, indicate that 
no sharp line can be drawn between degenerative and inflammatory 
lesions. This is emphasized in the study of polyarteritis nodosa by 
Klinger (1931), who in an examination of 2 cases found in one pro- 
nounced exudation and in the other degeneration and fibrosis, but with 
an overlapping of the different types of lesion in both eases. 

One feature of the degeneration, namely, edema of the media with 
separation of muscle cells and granular precipitate, has been questioned. 
Scharpf (1909) thought it to be not pathological. Segre and Kellner 
(1921-22) found it to be common in various types of disease and demon- 
strated that it is not postmortem artefact. They hypotheeated that 
agonal contraction of the artery presses plasma into the walls, but they 
do not defend the mechanical objections nor explain why the supposed 
plasma is usually basophilic. Schultz (1927), however, accepted their 
view. Our studies usually indicate that edema is related to, or identical 
with, the chromotropie substance of arteriosclerosis and of idiopathic 
medial necrosis (Moritz, 1933). 

The intimal thickening is usually cellular but may be acellular, and 
its nature as it affects the smaller arteries is difficult to determine. In 
spite of reports that it is fatty, technical limitations render this difficult 
to determine. It is only in extremely small part chromotropic. Krom- 
pecher (1930) believed it to be an elastica ‘‘hypertrophy,’’ but it does 
not regularly stain specifically. Whether the cells which participate in 
the thickening are endothelial, subendothelial fibroblasts, medial fibro- 
blasts growing through ruptured elastica, or are the hypothetical elasto- 
blasts of Krompecher has not been determined. That the presence of 
elastoblasts must be assumed to explain apparent hyperplasia of elastica 
is not borne out by the studies of Bloom (1929), who found elastiea 
proliferation in tissue culture without cell participation. This would 
indicate that at least some of the fraying of elastica is proliferative. The 
studies of MeMeans (1915) show that fraying ean be degenerative, re- 
sulting from solution of the outer sheath of the fibers. As contrasted 
with fraying, swelling and fragmentation must certainly be degenerative. 
Provided the possibility be kept in mind, we disagree with Stoerk and 
Epstein (1920) that fragmentation is difficult to distinguish from normal 
fenestration. 

VASCULAR LESIONS IN RHEUMATIC FEVER 


That rheumatie fever may produce arterial lesions like those of other 
infectious disease is well known. De Mussy (1872) and Martin (1883) 
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made this suggestion, as did Legroux (1884), Hannot (1894) and Astier 
(1897). 

Rabé (1902) described a proliferative endarteritis in association with 
medial edema. Takayasu (1909) interpreted this endarteritis hyper- 
plastica as the result of organization and canalization of emboli, but 
Geipel (1909) regarded it as an irritative intimal proliferation in re- 
sponse to emboli. In our opinion, neither of these explanations is satis- 
factory beeause the evidence is plainly against its origin from either 
thrombosis or embolism. (riff (1929) explained the fibrosis as being due 
to proliferative thickening of pre-existent capillaries, but this cannot 
well be harmonized with the mature development of arterial structure 
actually observed. Geipel (1909) described endothelial and collagenous 
hyperplasia in the intima, fibrin deposit in the subintimal connective 
tissue, marked narrowing of the lumen, and destruction of elastiea in- 
terna. Intimal fibrosis was also noted by Klotz (1912), Coombs (1924), 
Sacks (1925-26) and others. Subsequent to their reports on aortic lesions 
(1923-24) Pappenheimer and Von Glahn (1927) described lesions in 
aortic vasa vasorum like those described in peripheral arteries by Von 
Glahn and Pappenheimer (1926). These findings were much like those 
of Geipel, but with some differences and given in greater detail. The 
intimal lesions observed were swelling and basophilia of the endothelium, 
the endothelial layer often elevated by coagulated exudate between it 
and the elastica. They described swelling, beading, and destruction of 
elastica interna. In addition they noted infiltration of a few wandering 
cells and polymorphonuclears into a loose intimal tissue in a coronary 
artery. Kugel and Epstein (1928) described intimal proliferation and 
increased lamellation of elastica in the vasa vasorum of the pulmonary 
artery, not considered to be specifically rheumatie and perhaps common 
to infectious diseases. Similar lesions have been deseribed in the small 
divisions of the pulmonary artery by Paul (1928), Eiman and Gouley 
(1928), and MeClenahan and Paul (1929). Gray and Aitken (1929) 
found widespread thickening of small arteries, principally by intimal 
fibrosis, sometimes eecentrie and usually hyalinized. 

MacCallum (1925) deseribed multiple thrombosis which he attributed 
to primary vascular disease, a view evidently shared by Sacks (1925-26), 
v. Santha (1932) and others, including ourselves. The supposition of 
Takayasu (1909) and Geipel (1909) that emboli are sufficiently fre- 
quent to cause the widespread intimal lesions observed is not consistent 
with the actual occurrence of embolism in rheumatie fever. 

Medial lesions vary from edema to necrosis and ultimately fibrosis. 
Rabé (1902) deseribed a vacuolated state of the media, an ‘‘ état reticu- 
laire,’’ which he attributed to degeneration and liquefaction. This oe- 
curs in numerous other conditions, as was recognized by Rabé, and is 
probably edema rather than liquefaction, Actual necrosis has been ob- 
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served and was described by Sacks (1925-26) in renal arteries. Von 
Q@lahn and Pappenheimer (1926) described extravasation of blood, 
which they attributed to the vascular necrosis. Edema and chromotropic 
change and fibrosis have been discussed above as related to infectious 
disease in general, and there is no reason for assuming that they operate 
differently in rheumatie fever. The special relation of fibrinoid de- 
generation to rheumatic fever has been emphasized by Klinge (1930, 
1931) but, as indicated in the discussion of hyperergy below, this may 
occur in other conditions. He found that it originated in the intima 
and extended into the media, but in our experience it is far more common 
in media than in intima. Infiltration of lymphocytes and large mononu- 
clears and sometimes polymorphonuclears has been described by many 
writers, but is generally regarded as an extension from similar infiltra- 
tions in the adventitia. 

Cell infiltration in the adventitia was well deseribed by Von Glahn 
and Pappenheimer (1926), who found that an infiltration of irregularly 
shaped mononuclear and polymorphonuclear cells may be followed by 
infiltration of lymphocytes and plasma eells. Klotz (1912) assumed 
that the cells originally in the adventitia infiltrate into the media by 
way of lymphocytes. This seems to be especially true in large arteries 
with vasa vasorum, which in the media may be encireled by the in- 
filtrate. MaeCallum (1925) found large cells in the adventitia, but 
appears to have associated these with intravascular thrombi. Aschoff 
(1906) noted the extension of submiliary nodules into the coronaries, a 
feature further described by Coombs (1907, 1908-09, 1911). Generally 
this involvement is confined to the adventitia, but it may extend into 
the media. Witjen (1921) has deseribed actual destruction of elastica 
in the course of this penetration. Swift (1924), MaeCallum (1925), and 
others have referred to compression of coronaries by the submiliary 
nodules, a matter discussed subsequently in this paper. Many observers 
have reported on fibrosis in the adventitia. 

Of the larger vessels, the pulmonary artery has been studied by Paul 
(1928), Eiman and Gouley (1928), Kugel and Epstein (1928), Me- 
Clenahan and Paul (1929), Chiari (1930, 1931), and others. The lesions 
in the vasa vasorum are like those of other small arteries in rheumatie 
fever. There is perivascular infiltration of large mononuclears, often 
irregular in outline, and a relatively smaller number of lymphoeytes. 
This sleeve of cells accompanies some of the vasa into the media, where 
it is accompanied by destruction of elastiea and muscle. Splaying and 
fragmentation of the elastiea interna are accompanied by variable de- 
grees of intimal fibrosis. 

Klotz (1912) described the aortic lesions of rheumatic fever as penetra- 
tion into the media of vasa vasorum, edema, interruption of medial 
elastiea and musele, perivascular infiltration of plasma cells and lympho- 
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eytes, together with diffuse and perivascular infiltration of plasma cells 
and lymphocytes into the adventitia. Pappenheimer and Von Glahn 
(1923-24, 1926) believed that they could identify cells in adventitia 
and also in media as typical Aschoff cells and described Aschoff 
nodules in the adventitia. They were of the opinion that the aorta may 
be affected primarily by way of the intima as well as through the vasa 
vasorum. Giraldi (1929) eonfirmed Klotz’ observations and noted in- 
timal proliferation in the vasa vasorum. Chiari (1928), Laubry and 
associates (1930) and others have reported similar findings. Barnard 
(1929) deseribed ringlike fibrosis of the aortic adventitia, but did not 
establish his ease as definitely rheumatic. Schulz and Klinge (1933) 
have set up eriteria for the diagnosis of chronic¢ aortitis of rheumatic 
origin. 

That medial destruction may be of especial import is indicated in 
the report by Gray and Aitken (1929) of a dissecting aneurysm of 
the aorta, presumably of rheumatic origin. Lisi’s (1930) hepatic artery 
aneurysm was probably mycotie rather than the result of rheumatie 
arterial disease. Dawson (1933) found definite vascular lesions in the 
subeutaneous nodules of both rheumatie fever and rheumatoid arthritis. 
Coburn (1933) attributed multiple small hemorrhages to rheumatie 
vascular disease. Cracuin and associates (1933) in their review accept 
the existence of rheumatic disease of smaller arteries and coronaries. 

Relation to Hyperergy.—the general character of rheumatic fever as 
a hyperergice reaction has been considered by Swift, Derick and Hiteh- 
eock (1928). The extensive studies of Klinge have supported this 
hypothesis. The pathogenesis of the lesion in vessel walls, as in other 
structures, was summarized by Klinge and Vaubel (1931) as (1) swell- 
ing of the connective tissue ground substance with variable degrees of 
fibrinoid change, (2) growth or hyperplasia of the connective tissue 
cells with or without basophilia of the cytoplasm, accompanied by vari- 
able degrees of lymphocyte leucocyte inflammation, (3) hyaline sear 
formation with or without elastiea destruction. The connective tissue 
injury was not thought to be absolutely specifie for rheumatie fever. 
They pointed out, however, that the fibrinoid change is found otherwise 
only in periarteritis nodosa, malignant sclerosis, certain forms of eardio- 
vascular sepsis, Buerger’s disease and focal glomerulonephritis. These 
may all be hyperergic manifestations. Although they claimed that 
experimentally multiple injections of streptococci are required for the 
production of fibrinoid, Apitz (1933) found it following repeated in- 

jections of serum; Henschen (1927) described it in areas of prolonged 
passive hyperemia; and Therese (1893) is quoted as having produced 
it by single injections of bacteria. 

Fahr (1930) expressed the view that Klinge had not sufficiently dem- 
onstrated the similarity of experimental hyperergy and rheumatie fever, 
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but Metz (1931) was in complete agreement with Klinge as was Apitz 
(1933) and in essence also Klotz and Lloyd (1930), and Semsroth and 
Koeh (19380). 


CORONARY ARTERIES IN RHEUMATIC FEVER 


The fact that coronary arteries are involved is indicated by studies 
quoted above. The frequency of the coronary lesions has been the sub- 
ject of differences of opinion. Klotz (1912) stated that the finer ramifica- 
tions of the coronaries are invariably affected, a view shared by Coombs 
(1924), but MacCallum (1925) regarded coronary disease as uncommon 
save in severe eases. Only a few studies have been directed to this 
phase of the problem. 

Perry (1929-30) examined in detail the large coronaries of nine pa- 
tients, from five to nineteen years of age, one of whom had had angina. 
Involvement was noted in all. The intima showed patchy or diffuse 
thickening by a loose tissue, which often was acellular or showed lympho- 
eyte infiltration near the media. The elastica interna varied greatly— 
from practically normal to marked splaying sometimes so bulky as to 
suggest proliferation. Intimal fibrosis was variable. In the media he 
observed loss of nuclei, the ‘‘état reticulaire’’ of Rabé, infiltration of 
lymphoeytes often in a hyaline matrix. Fibrosis occurred principally 
in the inner half of the media in communication with intimal fibrosis. 
The adventitia showed fibrosis and lymphocyte infiltration of variable 
intensity. Fatty change was not present. 

Klinge (1930) in deseribing the early collagenous swelling of the 
connective tissues in rheumatie fever referred to the same change in 
coronary arteries, together with the production of fibrinoid in the 
intima with extension into the media, sometimes accompanied by a leuco- 
eyte lymphocyte reaction, and with narrowing of the lumen. Those 
changes led to dissociation of the fibrous and muscle cells. He later 
(1931) described the subsequent states of infiltration of cells like those 
of the submiliary nodule, most often in the adventitia but involving 
in some instances the other coats. He suggested that some of the in- 
tima lesions might represent organization of thrombi. The whole proe- 
ess led to fibrosis. He found elastica changes in those instanees of 
granuloma formation within the arterial wall. 

Relation to Other Similar Vascular Diseases.—It is difficult to orient 
the vascular lesions of rheumatic fever in the whole group of arterial 
diseases. Aschoff (1906), Ophiils (1923), and others have suggested a 
relation between the lesions of rheumatic fever and polyarteritis nodosa. 
Fahr (1920) suggested that rheumatie arterial disease may play a part 
in the etiology of malignant sclerosis and (1921) drew attention to the 
resemblance between the arterial lesions of rheumatie fever, polyarteritis 
nodosa and dermatomyositis (polymyositis). Gruber (1923, 1925) be- 
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lieved polyarteritis nodosa to be a manifestation of hyperergic reaction, 
Klinge and Vaubel (1931) appear to have considered that periarteritis 
nodosa, malignant sclerosis, certain forms of cardiovascular sepsis, 
thromboangiitis obliterans, focal glomerulonephritis and rheumatic fever 
are grouped together on the basis of hyperergice etiology. Semsroth and 
Koeh (1930) as well as Metz (1931) expressed the view that the arterial 
lesions of acute infectious diseases, rheumatic fever, and polyarteritis 
nodosa are manifestations of the allergie state which differ only in de- 
gree of involvement. Klinger (1931), an adherent of the Ricker school. 
did not share in this assumption, Jiger (1932) placed the juvenile form 
of thromboangiitis obliterans in this general category. 

v. Santha (1932) and others considered the vaseular lesions of chorea 
as identical with those of rheumatic fever, which is true of our ex- 
perience. We agree with his view that thrombi are secondary to lesions 
of the vessels rather than that they are emboli from heart valves. 

Relation to Arteriosclerosis.—The significance of infectious disease in 
the origin of arteriosclerosis is debatable, and MaeCallum (1933) be- 
lieved that there is insufficient evidence for such an assumption. Klotz 
(1914-15, 1915) adhered to the inflammatory origin of arteriosclerosis 
and with Lloyd (1930) expressed the view that infectious diseases in- 
eluding rheumatic fever are of importance for the inception of coronary 
sclerosis, a view shared by MacLean (1929), Siegmund (1929), Giraldi 
(1929) and Laubry (19380). Wiesel (1923) specifically attributed 
juvenile sclerosis to rheumatie lesions of the media, but this view is not 
accepted by Zeek (1932), who, however, found that rheumatic heart dis- 
ease predisposes to early development of atheromatous lesions of the 
coronary arteries. Schulz and Klinge (1933) have deseribed a chronic 
fibrous rheumati¢ aortitis, which is in reality a form of arteriosclerosis. 

Relation to Myocardial Disease-—The question as to whether or not 
the coronary arterial lesions are the cause of myocardial damage of 
rheumatic fever has been discussed extensively. Hayem (1869, 1870) 
suggested it, and Krehl (1890) and Romberg (1894) considered it to 
be of great importance. This was combated by Aschoff (1904) and 
Aschoff and Tawara (1906), who also doubted the relation of the myo- 
carditis to cardiae weakness. Fahr (1921) and Swift (1924) were 
definitely of the opinion that interference with myocardial nutrition from 
rheumatie disease of the smaller coronaries can cause myocardial insuf- 
ficieney, and Klotz (1926) was equally certain that the myocardial sears 
are largely the result of the vascular disease. Slater (1930) attributed 
the sears to both arterial disease and direct inflammatory destruction of 
muscle. Brown (1932) found little evidence to support the view that 
the scarring results from inflammatory destruction and coneluded that 
coronary disease is the most important etiological factor. Of her 115 
eases, 15 were associated with rheumatic fever. 
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Disturbance of Cardiac Rhythm, and Pain.—Although ease reports 
had previously appeared, the paper by Parkinson, Gosse and Gunson 
(1919-20 ) directed attention to the fact that irregularity of the heart 
action is common in rheumatie fever, and they attributed delayed con- 
duction to myoeardial inflammation, Cohn and Swift (1924) confirmed 
and amplified this report. Swift (1924) stated that interference with 
the circulation must lead immediately to disturbed nutrition of the 
musele tissue and of the impulse-conducting fibers supplied by the in- 
volved blocd vessels. Besancon and Weil (1926) deseribed in detail 
auriculoventricular dissociation. Swift (1928) noted that arrhythmias 
are found in various types of infectious disease but are especially eom- 
mon in rheumatie fever, a view evidently shared by Lukomski (1932, 
1933) and others. Slater’s case is probably one of extensive infarction. 
Levy and Turner’s (1929) report is representative of the modern view 
of the subject. They noted the frequency of disturbances of auriculo- 
ventricular conduction in rheumatie hearts and found that delay is 
more common than complete block. Although usually temporary, the 
disturbances may persist for a long time after subsidence of the acute 
rheumatie cyele. They expressed the view that in the absence of syphilis 
or of digitalis administration, the occurrence of prolonged P-R interval 
or of block in patients less than thirty-five years of age is presumptive 
evidence of rheumati¢e heart disease. They suggested that the occurrence 
of leucocytosis in the active stages indicates that the functional disorder 
may be attributed to myocardial damage, the result of occlusion of 
arterial twigs. Octtinger and Neslin (1932) found 14 eases of A-V 
dissociation in 200 cases of rheumatie carditis. This lasted usually only 
afew days. Their explanation was a hypothetical irritation of Tawara’s 
node or of the automatic function of the sinus node. 

Coronary occlusion is not a frequent complication of rheumatie fever. 
Wearn (1923) found a positive history in only one of his 19 eases, 
Levine and Brown (1929) in only three of 145 eases. Conner and 
Holt (1930) did not mention it in their large series. White and Jones 
(1928) mentioned it in one of 71 eases. Kerr, Larkey, and Larsen 
(1924) recorded definite rheumatic involvement in their four eases. 
Breitnecker (1931) has deseribed a fatal case of thrombosis in. the 
rheumatic heart of a girl twenty-two years old. 

Cardiac pain and discomfort are well known in rheumatie fever. 
Gallivardin (1908) reported a case of severe pain in a seven-year-old 
child, and seems to have attributed the trouble to myocardial sears. 
Kahn (1926) laid great emphasis on infectious diseases and rheumatic 
fever and reported that of 82 cases of angina, 24 patients had a history 
of frequent. tonsillitis and 20 of rheumatic fever. White and Mudd 
(1927) reported 8 cases of angina in patients from seventeen to twenty- 
six years of age, all of whom had rheumatie hearts and aortie insuf- 
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ficiency. Stolkind (1928) reported one patient, thirteen years old, who 
had angina, rheumatie heart disease and aortic insufficiency. He also 
reported 12 cases from the literature in patients from seven to fourteen 
years of age, of whom only 2 are shown to have had aortie insufficieney, 
It is unfortunate that only a few of the cases reported by White and 
Mudd and by Stolkind came to autopsy. White and Jones (1928) found 
a history of rheumatic fever in 7 of their 77 cases of angina in adults, 
Swift and Hitchcock (1928) did not think the pain to be due to coronary 
or aortic disease in the ordinary sense, but rather to perivascular and 
adventitial lesions as foci of irritation. 

It can be said that while proved coronary thrombosis is rare in 
rheumatie fever, this is not true of eardiae pain. If eardiae pain be 
analyzed as it oceurs in all age groups, rheumatie fever appears to play 
a small part, except in such reports as that of Kahn. If, however, it 
be considered in young patients, rheumatie fever is a common associa- 
tion of the eardiae pain. Certainly many of these patients show aortie 
insufficiency, but this is not true of all, and even in those with aortie 
valve involvement the coronary twigs have not been regularly studied. 
Disease of these twigs is undoubtedly frequent, as we shall demonstrate 
in this paper, and it is also possible that adventitial and perivascular 
lesions may well cause interference with the blood supply to the myo- 
eardium. Thus it must be accepted that cardiac ischemia cannot be ex- 
cluded as the cause of the eardiae pain of rheumatic heart disease. 


MATERIAL AND METHOD 


For this study, 56 hearts were selected from the recent autopsy ma- 
terial of Lakeside Hospital, Babies’ and Children’s Hospital and Cleve- 
land City Hospital. Only hearts which showed Aschoff nodules or 
typieal rheumatic inflammation were included. Several hearts, ordi- 
narily acceptable as rheumatic, were excluded beeause Aschoff nodules 
were not found, even though they showed definite valvular disease. 
Otherwise the hearts were taken in order as they occurred in the regular 
autopsy series, and were in no way selected because they showed vascular 
lesions. Of the 56 patients, 48 gave a history of rheumatic fever, except 
one who had chorea. There were 15 patients in the first deeade, 12 each 
in the second and third, 10 in the fourth, and 7 in subsequent decades. 
There were 26 males and 30 females, 44 whites and 12 colored. Forty 
nonrheumatie hearts were examined as controls, but in many of these 
infections were present somewhere in the body. The histological material 
was fixed in neutral formalin, embedded in paraffin, eut at 5 to 7 miera, 
and routinely stained with hematoxylin and eosin. Special stains in- 
cluded the Verhoeff elastica method, Mallory’s connective tissue stain, 
van Gieson-hematoxylin, Masson trichrome with light green, scarlet R, 
and for chromotropie substance heavy staining with hematoxylin or 
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staining with thionin or polychrome methylene blue. The special 
methods were not used routinely but were employed frequently to 
clarify features indicated in the hematoxylin and eosin stains. 

The observations were recorded on a chart for each heart, and Table I 
is a summary of the first decade, which illustrates the method for each 
heart. 

RESULTS 


First Decade.—The details are to be found in Tables I and II. The 
lesion observed in the pulmonary arteries was principally in the form 
of pitting of the intima above the pulmonie orifice. Post-mortem blood 
cultures were negative in 9 eases, in one yielded B. coli and an un- 
identified streptococcus, and in another streptococcus gamma. 


TABLE I 
DATA ON RHEUMATIC CORONARIES, First DECADE 
Evidence of Rhewmatic Fever 
Clinical 12; Aschoff nodules 15; rheumatie inflammation 12. 
Valve lesions: acute only 2; chronie only 4; both 9. 
Coronaries 2; pulmonaries 7; aorta 6, 
No note coronaries 3; pulmonaries 2; aorta 2. 


~ 


Main Coronaries (None in sections 2) 
Adventitia: Aschoff 5; fibrosis 6; other cells 6. 
Media: edema 13; chromotropic 4; cells 2; fibrosis 4. 
Intima: edema 10; chromotropie 4; cells 1; fibrosis 11. 
Elastica interna: splitting 9; fragmentation 10; swelling 10. 
Other elastica: fragmentation 3; swelling 3. 
Thrombosis —; Fibrinoid: intima 5; media 4. 


Medium-Sized Coronaries 
Adventitia: Aschoff 7; fibrosis 8; other cells 6. 
Media: edema 15; chromotropie 5; cells 2; fibrosis 4; necrosis 4. 
Intima: edema 7; chromotropic —; cells 1; fibrosis 3. 
Elastica interna: splitting 3; fragmentation 6; swelling 5. 
Other elastica: fragmentation 1; swelling 1. 


Thrombosis —; Fibrinoid: intima 2; media 8; adventitia 1. 


Small-Sized Coronaries 


Adventitia: Aschoff 9; fibrosis 7; 


other cells 8. 
Media: edema 13; chromotropie 3; cells 1; fibrosis 1; necrosis 4. 
Intima: edema 7; chromotropie —; cells —; fibrosis 3. 
Elastica interna: splitting 1; fragmentation 3; swelling 1. 
Other elastica: fragmentation —; swelling -. 


Thrombosis 2; Fibrinoid: intima 2; media 5; adventitia 3. 


In summary, the coronary tree in parts showed edema in all eases, 
associated with fibrinoid in all, and with chromotropie change in 7 cases. 
Necrosis was observed in 6 eases. Inflammatory reaction as shown by 


lymphoeytes, plasma cells, endothelial cells and sometimes polymorphonu- 
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clears was found in the adventitia in 9 cases and in other eoats in 5 
eases. The Aschoff nodules were found in the adventitia in 11 cases and 
in the media in one ease. Elastica changes were observed in all but 2 
cases, In both of which adventitial inflammation was observed, in one 
with medial necrosis and in the other associated with inflammation and 
thrombosis of veins. Fibrosis of the adventitia was observed in 10 
cases, of the media in 5 cases, and of the intima in 12 eases. Degenera- 
tive changes were found in all eases and in all were associated with 
either inflammation or fibrosis, or both. In 3 cases the various types of 
lesion were not all present. In a colored female two and one-half vears 


TABLE II 


First DECADE—-CORONARY LESIONS 


|ASCHOFF IN- 
NOD- FLAM- FIBROSIS P 
~ ULES MATIONS 
= — = 
2 ~ = Z < < 7, < 
=) a = =} = a a | a 
4229 W. F. 7 + - A 
183 B. M. 7 - - V 0 
2 B. M. 7 
3782 W. F. 7 ~ 0 
377 W. F. 7 - 
3685 W. M. 8 + 
283 W. F. 9 : + ++ } 0 
In all tables: + means present. © means no note in protocol. 
means absent. V means vein. 


\ means artery. 
means capillary. 


old, degeneration appeared to be the principal lesion, but it was ae- 
companied by gross intimal fibrosis of the coronaries, more widespread 
microscopically, and definite swelling of the elastica. In a colored male 
seven vears old the arterial lesion, in addition to degeneration, was only 
inflammation in the adventitia, but the veins showed edema, inflamma- 
tion of adventitia and thrombosis. In another colored male seven years 
old the arterial degeneration was accompanied by actual medial necrosis 
and adventitial inflammation. If these eases be regarded as showing 
only slight arterial disease, 13 of the 15 cases showed significant disease 


in various parts of the coronary arterial tree. 
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TABLE III 


DATA ON RHEUMATIC CORONARLES—SECOND DECADE 
Evidence of Rheumatic Fever 
Clinical 10; Aschoff nodules 12; rheumatie inflammation 10. 
Valve lesions: Acute only 1; chronic only 1; both 9, 
Coronaries 4; pulmonaries 2; aorta 7. 


No note: coronaries 5; pulmonaries 3; aorta 1. 


Main Coronaries (None in sections 2) 


Adventitia: Aschoff —; fibrosis 5; other cells 5, 


Media: edema 10; chromotropic 2; cells —; fibrosis 3; necrosis 1. 


Intima: edema 10; chromatropic 1; cells 1; fibrosis 10, 
Elastica interna: splitting 7; fragmentation 7; swelling 8. 
Other elastica: fragmentation 3; swelling 1. 

Thrombosis -—; Fibrinoid: intima 5; media 8. 


Medium-Sized Coronaries 
Adventitia: Aschoff 4; fibrosis 6; other cells 5. 
Media: edema 11; chromotropic 1; cells —; fibrosis 1; necrosis 4. 
Intima: edema 7; chromotropic 1; cells —; fibrosis 7. 
Elastica interna: splitting 2; fragmentation 4; swelling 5. 
Other elastica: fragmentation —; swelling -. 


Thrombosis —; Fibrinoid: intima 3; media 9. 


Small-Sized Coronaries 
Adventitia: Aschoff 9; fibrosis 4; other cells 4. 
Media: edema 10; chromotropic —; cells 1; fibrosis 3; necrosis 4. 
Intima: edema 3; chromotropic —; cells —; fibrosis 4. 
Elastica interna: splitting 1; fragmentation 3; swelling 1. 
Other elastica: fragmentation —; swelling -. 
Thrombosis —; Fibrinoid: intima 3; media 9; adventitia 1. 


TABLE IV 


SECOND DECADE—CORONARY LESIONS 


| A | ASCHOFE IN- 
| E | Nop- FLAM- FIBROSIS - 
| | ULES MATIONS 
W. M 12] V ii - 0 
B. M. 12/+ - 0 
W. F. 123 =. 
W. F. 14/+ - - - - Vi- 
WwW M. 19} + +4 \ 
WwW 29 4 = 0 
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Second Decade.—(See Tables III and IV.) One patient, a white male 
nineteen years old, died as the result of scarlatina, showed complete 
heart-block, had a typical rheumatic history and at autopsy typical 
rheumatic myocarditis without valve lesions, but the post-mortem blood 
culture showed streptococcus alpha. The main trunk of the pulmonary 
artery was atherosclerotic in 1 case, normal in 8 and not described 
in 3. The blood eultures showed no growth in 7 eases, streptococcus 
alpha in 1, streptococeus beta in 1, streptococcus gamma in 2 and B. coli 
and staphylococcus in 1. 

In summary, the coronary tree in parts showed edema in all cases, 
associated with fibrinoid in all, and with chromotropie change in 3 eases. 
Necrosis was observed in 5 eases. Inflammatory reaction, as shown by 
cellular infiltration, was found in the adventitia in 5 cases and in other 
coats in only 1 ease. Aschoff nodules were found in the adventitia in 9 
cases but not in other coats. Elastica changes were observed in all but 
2 cases, in one of which there was adventitial fibrosis with the presence 
of Aschoff nodules and in the other adventitial Aschoff nodules. Fibrosis 
was observed in the adventitia in 6 eases, in the media in 4 cases and in 
the intima in 11 eases. Degenerative changes were found in all eases 
and in all were associated with inflammation or fibrosis or both. In 
one case the additional change was only in the form of Aschoff nodules 
in the adventitia, but there were no sections of larger arteries, and in 
another case there were only the additional appearances of Aschoff 
nodules in the adventitia and intimal fibrosis. If these 2 eases be re- 
garded as showing relatively insignificant arterial disease, 10 of the 12 
eases showed significant disease in various parts of the coronary arterial 
tree. 

Third Decade——(See Tables V and VI.) The pulmonary arteries 
showed sclerosis in 3 cases, were not noted in 4 cases and revealed no 
change in 5 eases. Post-mortem blood cultures were negative in 4 eases, 
were not made in 3 eases; in 1 ease yielded Staphylococcus aureus, in 


TABLE V 
DATA ON RHEUMATIC CORONARIES—THIRD DECADE 
Evidence of Rheumatic Fever 
Clinical 11; Aschoff nodules 12; rheumatie inflammation 11. 
Valve lesions: acute only 1; chronic only 1; both 10. 
Coronaries 5; pulmonaries 3; aorta 8. 


No note 3; pulmonaries 4; aorta 1. 


Main Coronaries (None in sections 2) 
Adventitia: Aschoff 1; fibrosis 2; other cells 8. 
Media: edema 9; chromotropie 5; cells —; fibrosis 2. 
Intima: edema 8; chromotropice —; cells 1; fibrosis 8. 
Elastica interna: splitting 8; fragmentation 9; swelling 8. 
Other elastica: fragmentation 2; swelling 1. 

Thrombosis 1; Fibrinoid: intima 8; media 8. 
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TABLE 


Medium-Sized Coronaries 
Adventitia: Aschoff 3; fibrosis 11; other cells 6. 
Media: edema 12; chromotropic 4; cells —; fibrosis 2; necrosis 5. 
Intima: edema 5; chromotropic —; cells —; fibrosis 10. 
Elastica interna: splitting 4; fragmentation 5; swelling 8. 
Other elastica: fragmentation 1; swelling -. 
Thrombosis 1; Fibrinoid: intima 6; media 8; adventitia 1. 


Small-Sized Coronaries 
Adventitia: Aschoff 6; fibrosis 11; other cells 7. 
Media: edema 12; chromotropie 1; cells —; fibrosis 1; necrosis 7. 
Intima: edema 5; chromotropie —; cells —; fibrosis 11. 
Elastica interna: splitting 4; fragmentation 2; swelling 8. 
Other elastica: fragmentation —; swelling 1. 
Thrombosis 2; Fibrinoid: intima 7; media 10; adventitia 1. 


TABLE VI 


THIRD DECADE—CORONARY LESIONS 


| 

& |ASCHOFF IN- 
& | Nop- FLAM- FIBROSIS | 
| ULES MATIONS = 

3398 W. F. 21 A + - 
3224 W. M. 22 + + | - - - +{ - 
mW. + + + + Int- A - +] +4 
| ima 

6022 W. M. 23/+ + + 4 | - 4 ole + $f 4 
3864 B. M. 24/+ - + - 4 v | 
3321 W. M. 25 | 4 4 =| 
2307 W. M. - - - V -- 
3355 W. M. 30 | ++ + + +44 = — + O 


another Gram-positive diplococci, in another streptococcus alpha, an- 
other st reptococeus beta and another streptococcus gamma. 

In summary, edema of some part of the arterial tree was found in all 
eases, with chromotropie substance in 7. Fibrinoid was observed in all 
‘ases and necrosis in 9. All cases showed elastica alterations. Aschoff 
nodules were found in the adventitia in 8 cases. Inflammation was ob- 
served in the adventitia in 11 eases and the intima in 1. Thrombosis in 
arteries was observed in 3 cases and in veins in 4 eases, Fibrosis was 
observed in the adventitia in 11 eases, in the media in 4 eases, and in 
the intima in all eases. In no ease was the disease limited to degenera- 
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TABLE VIT 
DATA ON RHEUMATIC CORONARIES—FOURTH DECADE 
Evidence of Rheumatic Fever 
Clinical 10; Aschoff nodules 9; rheumatic inflammation 7. 
Valve lesions: acute —; chronic only 4; both 6. 
Coronaries 4; pulmonaries 6; aorta 10. 


No note: coronarics 4; pulmonaries 2; aorta 


Main Coronaries (None in sections 2) 


Adventitia: Aschoff 1; fibrosis 5; other cells 7. 


Media: edema 8; chromotropic 5; cells 2; fibrosis 7; necrosis 


Intima: edema 8; chromotropic 2; cells 1; fibrosis 8. 
Elastica interna: splitting 8; fragmentation 8; swelling 8. 
Other elastica: fragmentation 3; swelling 2. 


Thrombosis —; Fibrinoid: intima 6; media 6. 


Medium-Sized Coronaries 


Adventitia: Aschoff 3; fibrosis 10; other cells 7. 


Media: edema 10; chromotropic 3; cells —; fibrosis 2; necrosis 


Intima: edema 4; chromotropic —; cells —; fibrosis 5. 
Elastica interna: splitting 4; fragmentation 7; swelling 9. 
Other elastica: fragmentation —; swelling -. 

Thrombosis —; Fibrinoid: intima —; media 8; adventitia 1. 


Small-Sized Coronaries 


Adventitia: Aschoff 5; fibrosis 10; other cells 6. 


Media: edema 9; chromotropic —; cells —; fibrosis 3; necrosis 8. 


Intima: edema 5; chromotropic —; cells —; fibrosis 6. 
Elastica interna: splitting 1; fragmentation 6; swelling 6. 
Other elastica: fragmentation —; swelling —. 


Thrombosis —; Fibrinoid: intima 1; media 5. 


TABLE VIII 


Fourth DECADE—CORONARY LESIONS 
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tion, and in this deeade it ean be stated that some part of the coronary 
arterial tree showed significant lesions in all eases. 

Fourth Decade.—(See Tables VII and VIII.) The pulmonary ar- 
teries showed sclerosis in 6 cases, were negative in 2 and were not noted 
in 2. Post-mortem blood cultures were negative in 6 cases, not made in 
3 cases and in 1 case yielded pneumococeus type ITV. 

In summary, edema of some sort of the arterial tree was found in all 
vases, combined with chromotropie substance in 6. Fibrinoid, necrosis, 
and elastiea alterations were found in all eases. Aschoff nodules were 
present in the adventitia in 5 cases, invading the media in 1. Inflamma- 
tion was found in the adventitia of 9 cases, invading the media in 1, 
the same ease in which Aschoff nodule involvement was observed. Throm- 
bosis was found in the veins of one ease. Fibrosis of the adventitia 
was present in all eases, of the media in 7 cases and of the intima in all 
eases. One case only, a white male forty years old, failed to show in- 
flammatory lesions of the arteries, but the vessels showed all the forms 
of degenerative lesion as well as fibrosis of all three coats. 

Fifth and Subsequent Decades.—(See Tables TX and X.) The pul- 
monary arteries were sclerotic in 5 cases and negative in 2. Post-mortem 
blood cultures were negative in 5 cases and were contaminated in 2. 


TABLE IX 
DATA ON RHEUMATIC CORONARIES—FIFTH AND SUBSEQUENT DECADES 
Evidence of Rheumatie Fever . 
Clinical 5; Aschoff nodules 7; rheumatie inflammation 7. 
Valve lesions: acute —; chronic only 2; both 5. 
Coronaries 6; pulmonaries 5; aorta 6. 


No note: coronaries 1. 


Main Coronaries (None in sections 2) 
Adventitia: Aschoft —; fibrosis °; other cells 4. 
Media: edema 5; chromotropie 3; cells —; fibrosis 4; necrosis 1. 
Intima: edema 5; chromotropie —; cells —; fibrosis 5. 
Elastica interna: splitting 4; fragmentation 5; swelling 5. 
Other elastica: fragmentation —; swelling -. 


Thrombosis —; Fibrinoid: intima 3; media 4. 


Medium-Sized Coronaries 
Adventitia: Aschoff 3; fibrosis 5; other cells 5. 
Media: edema 7; chromotropic 2; cells —; fibrosis 3; necrosis 3. 
Intima: edema 2; chromotropic 1; cells —; fibrosis 5. 

Elastica interna: splitting 2; fragmentation 6; swelling 7. 

Other elastica: fragmentation —; swelling -. 


Thrombosis 1; Fibrinoid: intima 2; media 6. 


Small-Sized Coronaries 
Adventitia: Aschoff 5; fibrosis 7; other cells 5. 
Media: edema 7; chromotropic 2; cells —; fibrosis —; necrosis 6. 
Intima: edema 2; chromotropic —; cells —; fibrosis 7. 
Elastica interna: splitting 1; fragmentation 4; swelling 5. 
Other elastica: fragmentation —; swelling -. 


Thrombosis —; Fibrinoid: intima 3; media 4; adventitia 2. 
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TABLE X 


FIFTH AND SUBSEQUENT DECADES—CoRONARY LESIONS 
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In summary, edema of some part of the arterial tree was present in 
all eases, with chromotropie substance in 4. Fibrinoid, necrosis, and 
elastica alterations were found in all cases. Aschoff nodules were found 
in the adventitia in 6 cases, without invasion of media. Adventitial 
mononuclear cell infiltration was found in all eases. Arterial thrombosis 
was found in 1 ease. Fibrosis was observed in adventitia and intima of 
all cases and in the media of 5. <All cases showed degenerative and 
inflammatory lesions and fibrosis. 


SUMMARY OF RESULTS 


All eases showed edema of some part of the arterial tree. Chromo- 
tropic change was found to be about equally frequent in all decades 
except the second, in which one-third of the cases showed it as com- 
pared with about two-thirds in the other decades. Fibrinoid was 
found in all cases. Necrosis increased in frequency as age advanced. 
It was observed in 40 per cent of the cases of the first decade, 50 
per cent of the second, 75 per cent of the third, and 100 per cent 
subsequently. Elastica alterations were found in about 90 per cent 
of the cases in the first 2 decades and in all cases thereafter. Aschoff 
nodules in the adventitia were somewhat more frequent in the first three 
decades than in subsequent deeades: Their invasion into the media was 


PLATE I 


Fig. 1—Edema of media, the so-called “état reticulaire,” in a small epicardial 
coronary artery. Female, aged two and one half years. Hematoxylin and eosin 
Wratten green filter B-58. 150. 

Fig. 2.—Edema of intima and media in large epicardial vein. Female, aged twenty 
years. Hematoxylin and eosin. Wratten green filter B-58. 215. 

Fig. 3.—Necrosis in media of small intramural artery, with a small vacuolated 
area of edema. Male, aged five years. Hematoxylin and eosin. Wratten green filter 
B-58. 335. 

Fig. 4.—Fibrinoid degeneration in upper media of large coronary artery, with many 
nodal points. Female, aged thirty-five years. Hematoxylin and eosin. Wratten green 
filter B-58. «230. 
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more frequent in the first 2 deeades than later. Infiltration of mononu- 
clear cells into the adventitia was observed in about two-thirds of the 
eases of the first 2 decades, about 90 per cent of those of the third and 
fourth deeades, and in all the older cases. Infiltration into the media 
was present in 27 per cent of the eases of the first decade, 8 per cent of 
those of the second, 20 per cent of those of the fourth, and in none of 
those of the third, fifth and subsequent decades. Thrombosis was noted 
in the smaller arteries in 6 eases, in the eapillaries in one case and in 
the veins in 14 eases, a total of 21 cases or 37 per cent of the series. 
It was found in about one-half of the eases of the first three decades and 
in about 10 per cent of those of subsequent decades. Fibrosis of the 
adventitia was observed in 73 per cent of the eases of the first decade, 
58 per cent of those of the second, 92 per cent of those of the third, and 
all of the eases in later periods. Fibrosis of the media was found in 
26 per cent of the eases of the first decade, 17 per cent of those of the 
second deeade, 33 per cent of those of the third, and 70 per cent of 
those of the fourth and subsequent decades. Fibrosis of the intima was 
noted in 73 per cent of the cases of the first deeade, 92 per cent of 
those of the second, and all the cases of the third and subsequent 
decades. Of the cases in which notation was made, grossly observable 
sclerosis of the coronaries was found in 18 per cent in the first deeade, 
56 per cent in the seeond, 33 per cent in the third, 66 per cent in the 
fourth, and all in the fifth and subsequent deeades. Microscopically, 
severe fibrosis of the intima of the large divisions of the ecoronaries (when 
present in the sections) was observed in 38 per cent of the eases of the 
first deeade, 50 per cent of those of the second, 70 per cent of those of 
the fourth, and all the eases of the subsequent decades. Of 28 patients 
between the ages of nineteen and forty-four years inclusive, 5 showed 
sclerosis almost completely occlusive, all males, aged 19, 23, 29, 40 and 
44 years respectively. 

Thus it is apparent that age has no influence upon edema, chromotropic 
change, fibrinoid or incidence of Aschoff nodules in the adventitia. As 
age advances there is an increased incidence of necrosis, elastica altera- 
tions, infiltration of mononuclear cclls in adventitia, fibrosis of each coat 
of the arteries and grossly observable sclerosis. The incidence of throm- 
bosis is markedly decreased after the third decade. 

Degenerative lesions were found commonly in the controls and are 
not regarded as significant. In the 56 rheumatie hearts they were ac- 


PLATE IT 
Fig. 5.—Swelling, fragmentation and fraying of elastica in large coronary artery. 
Female, aged eighteen years. Verhoeff elastica. Wratten orange filter G-15. *165. 

Fig. 6. Marked swelling and fragmentation of elastica in Jarge coronary artery. 
Female, aged thirty-two years. Verhoeff elastica. Wratten orange filter G-15. 165. 

Fig. .7.—Marked swelling and wrinkling of elastica in small intramural coronary ar- 
tery, with apparent reduction of lumen. Male, aged twenty-nine years. Hematoxylin 
and eosin. Wratten green filter B-58. «230. 

Fig. 8.—Aschoff nodules involving adventitia in a small intramural coronary artery. 
Male, aged seven years. Hematoxylin and eosin. Wratten green filter B-58. 140. 
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companied by acute inflammatory lesions alone in 3 instances, by 
fibrotic lesions alone in 4 instances, and by both in 49 instances, If 
both degenerative and inflammatory lesions be excluded, 52 of the 56 
hearts showed significant lesions of some part of the coronary tree, 
The coronaries of two cases, a seven-year-old colored boy and a thirteen- 
year-old white girl, failed to show elastica alterations, but both these 
showed inflammatory lesions. Three cases, a seven-year-old white girl, 
an eight-year-old white girl and a forty-year-old white woman, failed to 
show inflammatory lesions of the arteries, but all showed intimal fibrosis, 

All eases showed intimal fibrosis except 4 in the first decade (all of 
which exhibited inflammation, and of these 2 showed also venous throm- 
bosis) and one in the second deeade which showed Aschoff nodule in- 
volvement of adventitia and eapillary thrombosis. 

Blood cultures showed no apparently significant relation between 
bacteremia and thrombosis. Of 10 cases from which streptococci were 
recovered, 5, or 50 per cent, showed thrombosis. Of 31 cases in which 
the blood culture showed no growth, 11, or 35 per cent, showed thrombo- 
sis. Of 12 eases from which organisms other than streptococci were 


isolated, none showed thrombosis. 
DISCUSSION OF RESULTS 


In order that the findings might be subjected to further control than 
that of an extensive experience, the sections from 40 nonrheumatic hearts 
were examined. These were from patients who had died of infectious 
disease of short duration, from tumors, poisoning, ete. Definitely eardio- 
vascular cases were excluded. Naturally the tumor patients and those 
dead of other prolonged disease showed terminal infections. The pa- 
tients varied in age from eleven months to fifty-eight years. Edema 
and necrosis of some part of the coronary tree were observed in all 
cases. Chromotropic substance was not observed. Fibrinoid was found 
in 18 of the 40 specimens. In the first two decades, comprising 11 
cases, ¢lastica change was limited to slight swelling, and the youngest 
patient to show fragmentation or splitting was twenty-four years old. 
After that age the more severe elastica lesions were found in 18 of 31 
hearts. Fibrosis of the intima was found in only one of the 11 patients 

III 

Fig. 9.—Exudative inflammation of medium-sized intramural coronary artery. Fe- 
male, aged nine years. Adventitia shows fibrosis and polymorphonuclear leucocytes. 
Media shows fibrosis, edema, infiltration of polymorphonuclears and mononuclears. 
The intima is destroyed and shows cellular infiltration and marked fibrin formation. 
There is no organization of the marginal fibrin and the lumen contains erythrocytes. 
The process reduplicates the endocardial lesion of the same heart. Clinically chorea. 
Hematoxylin and eosin. Wratten green filter B-58. 82. 

Fig. 10.—Mural fibrin thrombus attached to markedly thickened intima of large 
coronary artery. Male, aged twenty-four years. Hematoxylin and eosin. Wratten 
green filter B-58. 150. 

Fig. 11.—Communicating fibrosis of intima and media with distortion of architec- 
ture (metallaxis) in large coronary. Female, aged thirteen years. Hematoxylin and 
eosin. Wratten green filter B-58. «125. 


Fig. 12.—Marked fibrosis of intima with disorganization of media in large coronary. 
Female, aged ten years. Hematoxylin and eosin. Wratten green filter B-58. 125. 
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of the first two deeades, in two of 10 patients of the third deeade, in 
6 of 10 of the fourth decade and in 7 of 9 in the fifth decade. Fibrosis 
of the media was found in 3 of 9 in the fifth deeade. Infiltration of 
mononuclear cells was found in 1 ease in the fourth decade, Venous 
thrombosis was found in only one case, a fifty-eight-year-old white man 
dead of lobar pneumonia. Gross sclerosis of the coronaries was found 
in none of the 5 cases of the first two decades where notation was 
made, in 2 of 5 of the third decade, in 2 of 5 of the fourth decade, in 4 
of 5 of the fifth and sixth decades. 

Edema is constant in the rheumatie coronaries and in the controls. 
In both series it is probably due to the presence of infectious disease, 
circulatory disturbance or both, and is obviously more common in the 
media than elsewhere. We agree with Segre and Kellner (1921-22) 
that it is not post-mortem artefact. It is probable that it is in some way 
related to chromotropic substance. In the control cases chromotropic 
change was not found in the coronary arteries, but it was observed in 
more than half of the rheumatic cases. If sections be stained lightly 
with hematoxylin, it escapes notice and requires heavy hematoxylin 
staining or staining with polychrome methylene blue or preferably 
with thionin. These special methods were not used in all cases, and 
the data here given cannot be regarded as exact. Nevertheless the factor 
of error is probably much the same throughout, and it seems justifiable 
to state that ehromotropie substance is frequent in the rheumatie cor- 
onaries. Cellina (1933) stated that in the aorta chromotropic substance 
increases as age advances and considered it an age phenomenon rather 
than the result of pathological change. In our rheumatie coronaries it 
it almost equally common at all ages. It cannot therefore, in this situ- 
ation, be an age process alone and is regarded as definitely pathologieal. 
That it is more common in rheumatie fever than in other severe infee- 
tious diseases is not established by these studies. 

The interpretation of exactly what constitutes fibrinoid is not set down 
by those who have reported on it. For the purpose of this study it has 
been considered to be an intensely acidophilie substance, arranged in 
fibrillar fashion sometimes with beading at intersections. It was ob- 
served in many of the controls but was found in all the rheumatic eases. 
It was seen most frequently in the media, but was common in the intima 
and was found also in the adventitia. There is little doubt as pointed 

PLATE IV 

Fig. 14.—Marked intimal sclerosis eccentrically situated i large coronary artery. 
Male, aged nineteen years. Hematoxylin and eosin. Wratten green filter B-58. X17. 

Fig. 15.—Nodular intimal fibrosis of a small intramural coronary artery. Female, 
aged fourteen years. Hematoxylin and eosin. Wratten green filter B-58. |X 200. 

Fig. 16.—Irregular intimal and medial fibrosis with “hyaline scarring” of media 


in a medium-sized intramural coronary artery. Female, aged forty-three vears. 
Hematoxylin and eosin. Wratten green filter B-58. 120. 


578 THE AMERICAN HEART JOURNAL 


out previously that fibrinoid is most frequent in arteries the seat of the 
supposedly allergic disturbances, but our control cases and the reports 
of Hensehen (1927) indicate that it may be found in other conditions. 


Necrosis was constant in the controls and appeared to be more fre- 
quent in the rheumatie series as age increases The control observations 
nullify those of the rheumatie eases. 

Swelling of elastica was frequent in both rheumatie and control eases, 
Fragmentation and splitting did not oeceur in the controls until the 
age of twenty-four years. In the rheumatie eases of the first deeade 
these more severe elastica changes were found in 66 per cent and in 
the second decade in 58 per cent. Thus it is apparent that severe 
elastica alterations occur earlier than in the controls. Furthermore the 
simpler change, swelling, was found to be much more frequent in the 
rheumatie arteries of the first two deeades than in the controls. We have 
no observations to confirm or contradict the report of Wiesel (1906) 
that some infections injure the elastica more severely than do others, 
but can state that rheumatic fever produces early and serious damage 
to elastica of the coronary arteries. 

Aschoff nodules were found to involve the adventitia in about equal 
pereentages at all ages. In the younger individuals they were richly 
cellular, often with extensive necrosis, but in later life were more fibrous, 
less frequent in the individual ease and often identified with difficulty. 
In only 4 eases did they extend into the media. We found no evidence 
that they originate in media. In only rare instances could apparent com- 
pression of the vessel be found, but this requires fortunate line of see- 
tion of a thin-walled artery, and the incidence may be somewhat greater 
in actual fact than our observations indicate. In no case was complete 
occlusion by Aschoff nodules observed. The significance of the Aschoff 
nodules in the arterial walls is that of involvement of the coronary tree 
in the special type of rheumatie inflammation with the implication of 
permanent damage. In our opinion the compression of coronary arteries 
by Aschoff nodules has little if any influence upon the eireulation 
within. 

The infiltration into the adventitia of large mononuclear cells, evi- 
dently histiocytic in general character, and of those with the morphology 
of small lymphocytes and plasma cells, was frequent and practically 
constant after the third deeade. This was found in only one of the 
controls. It is apparently a part of the rheumatic inflammatory reaction 
and, while not morphologically specific, constitutes part of that picture, 
drawn by Klinge, of collagenous swelling, fibrinoid degeneration and 
hyaline searring to be found in hyperergie reactions. It extended into 
the media in only 7 cases. Polymorphonuclear leucocytes played only 
a small part. In 5 eases of the first deeade they were found in the ad- 
ventitia of medium-sized vessels and extended into the intima in one 
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of these. In one ease of the second decade (nineteen-year-old white 
male) cells were found in the intima of a large coronary, but they could 
not be positively identified as polymorphonuclear leucocytes. In one 
ease each of the third and fourth decades polymorphonuclear leucocytes 
were found in the intima of large coronaries. It will probably be neces- 
sary to use oxidase stains on suitable material to determine how great 
a part the polymorphonuclear leucocytes actually play. 

The oeceurrence of ante-mortem blood clots in the vessels has been 
referred to here as thrombosis. In the smaller vessels it was often 
occlusive, but in several larger vessels it occurred as a mural lesion. 
Some were rich in white blood cells, especially leucocytes; others were 
almost wholly fibrin; and there were mixtures. They occurred both 
with and without endocarditis lenta. They are interpreted as part of 
the vascular lesion rather than as emboli. This is in accord with the 
fact that the controls showed practically no inflammatory lesions of the 
arteries and in only one ease thrombosis. It is not clear that bacteria 
produce the thrombosis, because in many eases the blood was apparently 
sterile. The only organisms recovered in cases with thrombosis were 
streptococci, but in our cases of streptocoecemia only half showed throm- 
bosis. That thrombosis is more frequent in rheumatie coronaries than 
in those of other severe infections is not established. 

Although the various forms of intimal disease described by other 
writers have been observed, attention has been centered on fibrosis. 
Special stains for fat in numerous instances have demonstrated it in 
the thickened intima of some of the large coronaries but have been 
negative in the smaller divisions. Generally the intimal fibrosis in both 
large and small coronaries has been nodular rather than diffuse. Even 
in older patients, where extensive fibrosis is often present, it has shown 
nodular augmentation. Microscopically fibrosis was more often observed 
in the smaller arteries than in the main stems, and this corresponds 
to the infrequency of gross sclerosis of the large coronaries in the reports 
of others and ourselves. By the end of the first decade more than two- 
thirds of the cases showed under the microscope intimal fibrosis of the 
smaller vessels. In the second decade 92 per cent exhibited it, and in 
the third and subsequent decades it was present in all cases. Medial and 
adventitial fibrosis are more difficult to detect and occur less frequently. 
The controls showed intimal fibrosis in 1 of 9 cases of the first decade, 
none in the second, 2 of 10 in the third, 6 of 10 in the fourth and all 
those of the subsequent decades. Medial and adventitial fibrosis were 
not found in the controls before the fifth decade. Thus it is apparent 
that permanent disease appears in the coronary arteries early in the 
course of rheumatic fever. Our results are in general conformity with 
those of Zeek (1932) in that gross sclerosis of the coronaries is preco- 
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cious. Mieroseopically intimal fibrosis is more frequent than would be 
indicated by the gross examination. 

The nature of the intimal fibrosis is uncertain. The fact that it 
inereases in incidence as age advances indicates that it is progressive 
and not merely cicatrization or substitution. It is probable that the 
same is true of rheumatic endocardial and pericardial lesions. Thus 
the intimal lesions are closely correlated with the other lesions of serous 
membranes of this disease. Many regard arteriosclerosis in general 
as of inflammatory character. If this be true, the intimal fibrosis is in 
the same eategory. 

No evidence was brought out by our observations that regeneration 
of medial muscle oceurs in the course of the arterial disease. 

Special attention was not given to the frequency of involvement of 
arteries other than the coronaries in the rheumatic process, but what 
have been described as typical lesions in the aorta and pulmonary artery 
were frequent. 

The acute lesions of coronary arteries go hand in hand with acute 
lesions of the myocardium. The latter are destructive and lead to 
scarring. The amount of scarring increases with age. This might be 
thought of as a progressive fibrosis, but with it there are larger and 
larger areas of muscle destruction, which could hardly be secondary to 
the fibrosis. Thus the increasing amount of muscle destruction and 
fibrosis must be due either to recurring acute cycles of rheumatic fever 
or to ehronie arterial disease. Many eases, if the history can be de- 
pended upon, are monocyclic. Extensive myocardial fibrosis in these 
cases ean better be explained by chronic arterial disease than other- 
wise. This leads to the conclusion that the significant arterial lesion 
for chronic fibrosis of the myocardium is the intimal fibrosis of the 
smaller branches, a view in accord with that of Brown (1932) as re- 
gards myocardial fibrosis in general. Thrombosis can be attributed in 
most cases either to bacteremia or circulatory failure. When it oceurs it 
is not widespread and neither in the fresh nor ciecatrized stage could ae- 
count for the extensive myocardial fibrosis. 


CONCLUSIONS 


1. Rheumatie fever regularly produces disease of the coronary ar- 
teries. Either inflammatory or fibrotic lesions or both are practically 
constant. Except for participation by Aschoff nodules, the lesions are 
not specific for rheumatie fever. Fibrinoid degeneration is suggestive 
but not diagnostic. Elastica degeneration appears to be especially severe. 

2. The coronary disease is irregularly distributed as to both the 
various divisions of the coronary tree and the individual members af- 
fected. Its relation to myocardial disease cannot be positively estab- 
lished, but the late myocardial fibrosis is greater than is to be expected 
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from the early acute myocarditis alone. The influence of the coronary 
disease upon myocardial fibrosis is better explained by intimal fibrosis 


than otherwise. 
8 Rheumatie fever predisposes to fibrosis of the coronary arterial 


tree in early life and to what appears to be precocious coronary sclerosis ; 
but, although this is probably a chronic inflammation, it has not been 
shown conclusively to be dependent upon the acute degenerative and 


inflammatory lesions. 

4. The coronary arteries in rheumatic fever undergo a progressive 
sequence of inflammatory lesions which closely resemble those of the 
endocardium and pericardium. It is practically certain that severe 
myocardial damage is associated with the arterial disease. The resulting 
effect upon myocardial efficiency appears to be of significance in the 
clinical management and prognosis of rheumatic heart disease. 
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INCIDENCE AND SIGNIFICANCE OF ACTIVE INFECTION IN 
CASES OF RHEUMATIC CARDIOVALVULAR DISEASE 
DURING THE VARIOUS AGE PERIODS*t+ 


A CLINICAL AND PATHOLOGICAL STUDY 


M. A. Roruscuitp, M.D., M. A. M.D., Louis Gross, M.D. 
New York, N. Y. 


T IS not an infrequent clinical observation that in cases of rheumatic 

heart disease the degree of mechanical damage to the heart valves 
does not necessarily bear a definite relation to the occurrence and ex- 
tent of heart failure. It was recognized by Krehl as early as 1889 
that changes in the myocardium rather than the valvular defect were 
probably the immediate cause of cardiac failure. In an investigation 
of ten cases of cardiovalvular disease, chiefly in elderly people, Krehl! 
found fibrosis of the heart muscle, degenerative changes of the coro- 
nary arteries and cellular infiltrations in the myocardium. He at- 
tributed the diminished functional capacity of the heart to these 
changes. At this time he expressed the view that systematic studies 
of the myocardium in cases of valvular disease should be made. 

Following the discovery by Aschoff of the specific myocardial lesion 
in the heart in rheumatic fever, additional attention was directed 
toward these inflammatory changes in the interpretation of myocar- 
dial failure. In general, however, it seems that the opinions expressed 
along these lines have been based solely on clinical impressions and 
isolated observations, rather than on an actual careful examination of 
autopsy material in a large series of cases with a systematic attempt 
to correlate the anatomical findings with the clinical observations. 
The present report represents an investigation of the clinical records 
and autopsy material from 161 cases of rheumatic cardiovalvular dis- 
ease studied in the Mount Sinai Hospital, in an attempt to determine 
the incidence of myocardial disease and its relationship to myocardial 
failure.t 

Because of the uncertainty of clinical data, only those eases were 
ineluded which presented anatomically and histologically unmistakable 
evidence of present or past rheumatic heart disease; viz., the presence 

*From the Laboratories of the Mount Sinai Hospital, N. Y. 

yAided by a grant from the Lucius N. Littauer Foundation. 

tThe terms “heart failure,” “circulatory failure’ and “myocardial failure’ 
interchangeably in this report to indicate congestive failure observed clinically or con- 


firmed by pathological examination. A patient is classified as being in congestive 
failure even though death may ensue from a complicating condition, such as broncho- 


pneumonia or embolism. 


’ are used 
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of verrucous endocarditis on a markedly inflamed cusp, Aschoft bodies 
in the myocardium, the peculiar valvular deformity with its character- 
istic vascularization, certain types of ring lesions, and an old or recent 
auricular lesion. These cases were classified as active and quiescent 
according to the criteria to be described. 

CASES WITH ACTIVE INFECTION 

Needless to say, the question as to what constitutes activity of rheu- 
matic infection in the heart may be answered quite properly in a num- 
ber of ways. Grossly, the presence of a fresh pericarditis together with 
the characteristic verrucous endocarditis is generally considered evi- 
dence of activity. Further, the presence in the myocardium of lympho- 
eytes, polymorphonuclear leucocytes, monocytes and swollen or necrotic 
collagen may be considered as additional signs of activity in a heart 
showing other unmistakable evidences of rheumatic infection. How- 
ever, the presence of the Aschoff body in addition to these other findings 
is accepted as absolute proof of an active rheumatic infection. It is 
generally agreed not only that the presence of the Aschoff body indicates 
activity, but also that these lesions can be found in a very high per- 
eentage of active cases (Clawson,? Thayer,* Kugel and Epstein,‘ 
MeClenahan and Paul,’ and others). In their studies of the standard- 
ized sections from rheumatic hearts, Gross, Antopol and Sacks* found 
Aschoff bodies in 90 per cent of 40 hearts showing acute verrucous endo- 
carditis. Thayer found Aschoff bodies in 87.5 per cent of 24 active 
cases, While McClenahan and Paul found them in 85 per cent of 28 fatal 
cases of active rheumatie fever. 

In our series there were 106 cases which showed anatomical evidence 
of active infection. Aschoff bodies were found in 95 of these acute 
cases, an incidence of 89.6 per cent. In the remaining 11 active cases 
there was present either a fibrinous pericarditis, verrucous endocar- 
ditis, acute myocarditis or auricular lesions, but Aschoff bodies were 
not found after an extensive search. 

QUIESCENT CASES 

All cases showing the characteristic valvular deformity with or 
without evidences of old auricular lesions but without the presence 
histologically of swollen collagen, inflammatory cells, Aschoff bodies 
or a fibrinous pericarditis were placed in this group. 

OUTLINE OF THE PROBLEMS 

Having thus outlined our definitions of the type of material we used 
and our basis for judging of activity and quiescence, we wish to report 
in this paper first the incidence of quiescence and of active rheumatic 
myocarditis during the various age periods, and second, the significance 
of active infection and valvular deformities in their relation to myo- 


cardial failure. 
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With regard to the first problem, it is obvious that our statisties wil] 
depend, as do others, on the age of the patients, on the general inei- 
dence of the disease in the community from which this hospital draws 
its material, and on the relative difficulty with which autopsy permits 
are obtained from the various races which inhabit our wards. The 
ward service of the Mount Sinai [lospital consists of 500 beds for 
medical and surgical cases. One hundred of these are set aside for 
pediatrics. The hospital admits individuals of all ages and of various 
nationalities. Permission for autopsy examination was granted in a 
high percentage of cases, on the average 75 per cent in the past seven 
years. The incidence of autopsy permits was about equal in all age 
periods and for the various races represented. We may therefore as- 
sume that our statistics are a fair representation of the incidence of 
the disease in general in respect to age periods, bearing in mind the 
racial peculiarity of our patients and the local incidence of disease 
in the community. 

In a series of 3,000 autopsies there were 180 cases with post-mortem 
evidence of rheumatic heart disease. As will be indicated in the text, 
a number of these patients died of conditions other than the past or 
present rheumatic infection. Complete anatomical investigation was 
made in 161 of these cases, and our report is based upon the findings 
in this group. Table I shows the age period incidence of active infee- 
tion in these cases. 

TABLE [ 


INCIDENCE OF ACTIVE INFECTION IN THE VARIOUS AGE PERIODS 


ACTIVE CASES QUIESCENT CASES 


TOTAL NO. | |NO- DYING INO. DYING 
STUDIED NUMBER oa IN NUMBER IN 

| FAILURE | FAILURE 

1-10 22 99 100 0 0 
11-20 44 41 95 ihe! 5 5 ] 
21-30 16 11 78 1] 5 22 2 
31-40 0 21 70 >] 9 30 4 
41-50 21 8 38 8 13 62 9 
51-60 15 2 13 2 13 87 10 
61-70 9 1 12 1 g RR 6 
71-80 4 0 0 4 100 3 
Total 161 106 103 55 | 35 


CAUSE OF DEATH IN THE VARIOUS DECADES 


Twenty-two individuals in this group of 161 cases died in the first 
decade of life. The youngest was an infant of seventeen months. The 
myocardium in all these 22 cases showed evidences of activity. In 20, 
Aschoff bodies were found. All suecumbed to myocardial failure. 
The valvular defects on the whole were minimal. In some instances 
there was only a slight thickening and rolling of the anterior leaflet 
of the mitral valve or one of the aortic valve cusps. In three hearts 
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there was a slight stenosis of the mitral valve. In all these cases the 
degree of the mechanical defect was so slight that it obviously bore 
no relationship to the myocardial failure. 

In the second decade there were 44 cases. Forty-one of these showed 
activity in the myocardium. In 37 of these, Aschoff bodies were found. 
Thirty-eight patients of these cases of acute rheumatic fever with 
myocarditis died of myocardial failure, or its complications. There 
were three active cases in which the patients did not die of myo- 
eardial failure. One had an extensive pulmonary tuberculosis; another 
died because of a Streptococcus hemolyticus bacteremia; the third died 
suddenly after an appendectomy, the underlying active rheumatic in- 
fection not being recognized clinically. In 35 of the 41 active cases in 
which the patients died of myocardial failure in which the degree of 
the valvular defect was studied, nine showed a tight mitral stenosis and 
two only a moderate valvular stenosis. In the remaining 24, the valvu- 
lar defect apparently created no great mechanical hindrance to cireu- 
lation. There were three patients who at the time of death showed no 
signs of active infection. One patient of these three quiescent cases 
succumbed to myocardial failure. The valvular defect in this instance 
was slight. The contributory cause for the myocardial failure was a 
severe anemia. The patients in the other two quiescent cases succumbed 
to pneumonia and typhoid fever, respectively. 

The number of individuals with rheumatic heart disease dying be- 
tween twenty and thirty years of age in this series is comparatively: 
small. There were 16 cases, 11 of which showed an active myocarditis. 
In all of these, Aschoff bodies were found. In all 11 active cases the 
patients died of myocardial failure. In 3 of these a marked mitral 
stenosis was present; in 3 others the defect was moderate or slight. 
There were 5 quiescent cases in this group. Three of these showed no 
signs of myocardial failure, although in one instance there was a marked 
stenosis of the mitral and aortic valves. Empyema of the chest (Strep- 
tococcus hemolyticus), a postoperative infection and a purulent pneu- 
monia, respectively, caused death in these instances. A fourth quies- 
cent case, a boy of twenty-one years, presenting aortic insufficiency of 
long duration, gave a history of myocardial failure for seven years. 
This boy died suddenly, and upon autopsy there was found a well- 
marked aortic insufficiency and a markedly enlarged heart weighing 
1,105 grams. There were no evidences of activity. The fifth quiescent 
case, a girl of twenty-four years, with mitral stenosis, gave a history 
of recurrent pulmonary edema associated with mental strain and ex- 
citement. She came to the hospital in acute pulmonary edema and at 
autopsy there were no signs of activity. 

The fourth decade group presented some interesting clinical fea- 
tures. It is not uncommon to find individuals at this age without ante- 
cedent history of rheumatic infection develop circulatory failure for 
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the first time, although a well-marked mitral stenosis may be present, 
indicating that the valvular lesion had existed for a considerable time, 
The cause for the appearance of circulatory failure at this time is a 
matter for conjecture; although in several instances an active myo- 
carditis with Aschoff bodies was found on histological examination. 
There were 30 deaths in this decade. Twenty-one of these 30 cases 
showed an active myocarditis. In 20 of these, Aschoff bodies were 
found. In all the cases in the fourth decade showing activity in the 
myocardium, the patients died of circulatory failure. The extent of 
the defect and the degree of stenosis of the valves were proportion- 
ately greater in this decade. In 12 instances the stenosis was marked, 
in 4 moderate, and in 4 slight. There were 9 quiescent cases. Four 
of these patients died of circulatory failure. In one there was coronary 
artery sclerosis and pulmonary embolism as the terminating cause of 
death; in another there were multiple pulmonary infarets and emboli 
complicating a bronchitis and bronchopneumonia. In the third there 
was a severe secondary anemia (hemoglobin 18 per cent), while in the 
fourth case there were found no contributing causes for the myocardial 
failure. The degree of valvular defect was marked in only one of 
these. In the remaining 5 quiescent cases the patients died of the 
following causes: in two instances there was lobar pneumonia, in one 
a peritonitis, in another a postabortive sepsis, and in the fifth case, 
a carcinoma of the head of the pancreas. The valvular defects in this 
latter group were mild. 

There were 21 individuals who died in the fifth decade. Eight 
showed evidence of activity, a surprisingly high incidence so late in life. 
In 6 of these, Aschoff bodies were found. In all 8 cases with evidence 
of active infection in the myocardium the patients succumbed to myo- 
cardial failure. Thirteen cases were quiescent. Nine of these patients 
died with evidences of myccardial failure and 4 of other causes. Thus, 
not only is there a sharp increase in the incidence of quiescent cases in 
this age period, but there is also an increased incidence in the number 
of quiescent cases in which the patients died of myocardial failure. A 
detailed analysis as to the cause of the failure in each quiescent case is 
of interest. Of the 9 quiescent cases in which the patients died of 
myocardial failure, hypertension and coronary atherosclerosis played a 
contributory role in 3 instances (two of these cases were further com- 
plicated by an occlusion of a coronary artery). Coronary thrombosis 
was the cause of death in a fourth case, while bronchopneumonia and 
pleurisy were present in a fifth case. The 4 remaining quiescent cases 
with evidences of congestive failure were terminated by bronchopneu- 
monia in two instances and by cerebral emboli in the other two. The 
cause of death in the 4 quiescent cases in which the patients did not die 
in cireulatory failure was as follows: carcinoma in two instances, acute 
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yellow atrophy in one, and renal and miliary tuberculosis in the other. 
There was no appreciable difference in the degree of mechanical defect 
in these groups. 

Between the ages of fifty and sixty years there were 15 individuals 
who presented at necropsy evidence of rheumatic cardiovalvular disease 
past or present. In two of these, an active myocarditis with Aschoff 
bodies was found. In one of the active cases the patient died of a lobar 
pneumonia with some congestive failure, the other succumbed primarily 
to myocardial failure. In this latter instance, a man of fifty-one with 
a history of hypertension, there was found at autopsy a marked athero- 
sclerosis of the coronary arteries with some evidence of an old occlusion. 
Ten patients of the 13 quiescent cases died of myocardial failure. Four 
of these showed emphysema complicated by chronic bronchitis, pulmo- 
nary infarction or coronary artery atherosclerosis. A long-standing 
hypertension with atherosclerosis of the coronary arteries was the con- 
tributing cause of failure in a fifth case, while in a sixth there was in 
addition a thrombosis of the left anterior descending coronary branch. 
In the two other quiescent cases in which the patients died of myo- 
cardial failure there was a marked aortic stenosis. Death occurred 
suddenly in both instances. One of these showed diffuse myocardial 
fibrosis and atherosclerosis of the coronary vessels. The ninth patient, 
a woman of fifty-three years, died following a cerebral embolism after 
a month of congestive failure with embolization to the bifurcation of 
the abdominal aorta. The patient in the tenth quiescent case of death 
with signs of congestive failure succumbed to a bronchopneumonia fol- 
lowing an operation for the removal of an embolus from the brachial 
artery. There were 3 quiescent cases which presented no evidences of 
myocardial failure. All three patients died of carcinoma. In 10 of 
the 15 cases studied, the degree of the valvular defect was determined. 
In 7 of these there was a marked stenosis of the valves, while in 3 there 
was only a moderate valvular defect. 

Nine individuals with rheumatic cardiovalvular disease survived until 
the seventh decade. Only one ease in this entire group showed evidence 
of activity with Aschoff bodies in the myocardium. This patient, a 
woman of sixty-two years, showed in addition evidence of an old occlu- 
sion of a coronary artery and recent bronchopneumonia. She died of 
myocardial failure. Of the 8 quiescent cases, 6 patients had evidences 
of congestive failure. In two, arteriosclerosis of the coronary arteries 
was present, in one instance associated with myocardial fibrosis and in 
the other with hypertension. A third individual, aged sixty-five years, 
suffered from emphysema and chronie bronchitis and finally developed 
pneumonia. Three others, women of from sixty-five to sixty-seven years 
of age, showed some evidences of congestive failure but died of pneu- 
monia complicating hypertension in two instances and chronic bronchitis 
in a third. There were two quiescent cases in which patients died of 
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causes other than heart failure—one died of erysipelas complicated by 
a streptococcus sepsis and the other of carcinoma. , 

There were 4 survivals in the eighth decade. In none of these was 
there any sign of active infection. The patients died of circulatory 
failure. In two of these coronary thrombosis was found, and in the 
third, in addition to infarctions of the lungs, there was found athero- 
sclerosis of the coronary arteries with infarcts in the myocardium. In 
two eases the valvular defect was moderate; in the third there was a 
tight mitral stenosis. The oldest patient studied by us was a woman 
of eighty years with a tight mitral stenosis and a marked aortic stenosis. 
She died of a mesenteric artery thrombosis with no signs of myocardial 
failure. 

DISCUSSION 

The data presented above confirm the belief that neither the degree 
of myocardial failure nor its onset necessarily bears a relation to the 
severity of the valvular defect. A search for the inciting cause pro- 
ducing heart failure indicated that in the first five decades of life an 
active infection in the myocardium was found with significant frequency. 
Adults with tight mitral stenosis who are admitted to the hospital with 
circulatory failure and present no history of either symptoms or knowl- 
edge of a previous rheumatic infection not infrequently show on his- 
tological examination of the myocardium an active myocarditis of recent 
origin in a high percentage of the cases. 

One hundred and six of the 161 cases studied showed active infection 
(Table I). In the first decade all of the 22 cases showed evidences of 
active rheumatic infection, in the second decade 95 per cent, in the 
third 78 per cent, and in the fourth 70 per cent. From the fifth to the 
eighth decades the percentage, although rapidly decreasing, is still un- 
expectedly high, ranging from 8 cases out of 21 (38 per cent) in the 
fifth decade, to 1 case out of 9 in the seventh decade. This indicates 
a remarkable persistence, or recurrence, of active rheumatic infection 
perhaps comparable to that seen in tuberculosis and syphilis. 

One hundred and three of the 106 patients showing active lesions in 
the myocardium died of circulatory failure. Even with the most rigid 
criteria our studies show a striking correlation, if not an actual causal 
relationship between heart failure and activity. This is true of those 
patients dying of circulatory failure even as late as in the fifth decade. 
The relationship of active infection in bringing about a circulatory 
breakdown has already been recognized by Coombs’ and by Wilson and 
Kopel.* In studying the significance of the leucocyte count as an index 
of rheumatic infection in children, Wilson and Kopel observed that a 
close correlation seemed to exist between the presence of a leucocytosis 
and a diminished vital capacity measurement in children with rheumatic 


heart disease. They feel that this further confirms the conception that 
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eardiac failure in these children is primarily due to infection rather than 
to mechanical factors. Coombs has expressed the belief that even in 
adults as late as thirty or forty years of age, the onset of dyspnea or 
myocardial failure may be traced to an active myocarditis which he 
frequently observed on microscopic examination in apparently quies- 
cent cases. 

While the causal relationship of active myocarditis to circulatory 
failure is very striking in the first two decades of life, it is not suf- 
ficiently appreciated that in cases of rheumatic heart disease in adults 
of the third, fourth and fifth decades of life a recurrent rheumatic myo- 
carditis rather than the healed mechanical defects may in the majority 
of instances be the precipitating cause of the circulatory failure. 

The clinical picture of the individuals dying of circulatory failure 
during the first decade did not vary materially from that of the indi- 
viduals dying in the third and fourth decades, nor did the grade of 
circulatory failure differ in individuals in the first attack from that of 
those dying in a recurrent attack. 

These observations apply not only to acute circulatory failure but 
especially to those cases of protracted circulatory failure which defy 
our usual therapeutic procedures. An individual in the first five decades 
of life with a chroni¢ valvular defect whose myocardial efficiency is low, 
who has edema and a temperature varying from 99° to 100° for which 
no cause can be found, who does not respond to rest, digitalis and 
diuretics, and in whom no obvious precipitating cause of the myocardial 
failure can be discovered, should be suspected of having an active 
rheumatic infection as the underlying cause of his present failure. It 
is not uncommon to see such patients suddenly regain efficiency, espe- 
cially when the signs of active infection have subsided, even when all 
therapeutic measures had previously failed. 

On the other hand, it is true that not all individuals dying of cireu- 
latory failure showed active infection in the myocardium. As men- 
tioned before, this parallelism of activity and myocardial failure is seen 
chiefly in those individuals dying in the first five decades of life. 

It is equally important to point out that a number of individuals who 
have had rheumatic heart disease can become completely quiescent, reach 
the fifth, sixth, seventh and even the eighth decade of life and ultimately 
die of a totally unrelated disease without having any evidence during 
life of myocardial failure directly attributable to the mechanical defects 
of old rheumatic infection. (Table II.) 

Absence of activity, which may be interpreted as quiescence or heal- 
ing, has been found in this series of fatal cases as early as the second 
decade. Of the 161 cases investigated, 55 were quiescent. ‘Table I 
shows the increasing percentage of quiescent cases in the later deeades. 
This inereasing incidence of quiescent cases occurs sharply in the fifth 
decade. Of the 55 quiescent cases studied, 35 patients died of myocardial 
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TABLE II 


CAUSE OF DEATH IN CASES SHOWING NO EVIDENCE OF MYOCARDIAL FAILURE 


ACTIVITY 


CAUSE OF DEATH 


AGE SEX 

13 M Present Acute otitis media, sigmoid sinus phlebitis, 
streptococcus sepsis. 

15 M None Purulent bronchopneumonia. 

17 M None Typhoid fever, hemorrhagie lobar pneu- 
monia. 

19 M Present Postoperative death following appendec- 
tomy. 

19 K Present Extensive pulmonary and generalized tuber- 
culosis. 

22 F None Chronic pneumonia, streptococcus empyema 
of chest. 

26 F None Purulent pneumonia. 

30 M None Postoperative infection and hemorrhage. 

34 F None Postabortive sepsis. 

35 M None Peritonitis. 

35 M None Lobar pneumonia. 

a7 F None Lobar pneumonia. 

40 F None Carcinoma of pancreas, 

48 M None Spongioblastoma in brain, 

49 M None Carcinoma of bladder. 

50 M None Generalized tuberculosis. 

50 F None Acute yellow atrophy of liver. 

51 M None Carcinoma of bladder. 

59 F None Careinoma of colon. 

60 M None Carcinoma of pancreas. 

63 M None Erysipelas, streptococcus sepsis. 

67 F None Carcinoma of head of pancreas. 

80 F None Mesenteric artery thrombosis. 


failure or its complications. Twenty-eight of these were individuals 
older than forty years. The majority of those who died of circulatory 
failure in the sixth, seventh and eighth decades showed the contributory 
causes of heart failure to be expected at this age period, such as long- 
standing hypertension, coronary artery sclerosis, with occlusion at times, 
and long-standing pulmonary disease which increases the burden of the 
right heart. Individuals dying purely of the mechanical hindrance to 
the circulation due to the deformity of the valves were relatively few 
in number. 


SUMMARY AND CONCLUSIONS 


A clinical and pathological study of 161 persons dying with evidence 
of rheumatic heart disease, past of present, has been made in order to 
correlate chiefly the occurrence of myocardial failure, the degree of the 
valvular defects, and the presence of myocardial disease. 

Of the 161 cases studied, 106 showed evidence of an active infection. 
One hundred and three patients of these 106 active cases died of eir- 
culatory failure. The occurrence of heart failure in the first five decades 
of life in individuals who have a valvular defect can, in the majority 
of instances, be attributed to an active infection of the myocardium 


rather than to the degree of the mechanical defect. It is striking to 


ROTHSCHILD ET AL.: RHEUMATIC CARDIOVALVULAR DISEASE O95 


note the high grade of mechanical defect existing in individuals living 
even to the fifth and sixth decade with little or no evidence of conges- 
tive failure. 

In a few instances complete quiescence of the rheumatic myocarditis 
was present as early as the second decade of life. The number of the 
quiescent cases increased considerably in the later age periods.  Cir- 
culatory failure in the later decades of life in individuals with valvular 
defects was found in the majority of cases to be precipitated by the ex- 
pected contributory causes occurring at this time of life, viz., hyperten- 
sion, either in the systemie or pulmonary circuit, atherosclerosis of the 
coronary arteries, coronary thrombosis, myocardial degeneration and 


fibrosis. 
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THE FORM OF THE ELECTROCARDIOGRAM IN EXPERI. 
MENTAL MYOCARDIAL INFARCTION 


I. SepraAL INFARCTS AND THE ORIGIN OF THE PRELIMINARY DEFLECTIONS 
OF THE CANINE LEVOCARDIOGRAM* 


FRANK N. Wiison, M.D., IAN G. W. Hitu, M.B.,t ANb 
FRANKLIN D. JOHNSTON, M.D. 
ANN ArRBor, MICH. 


INTRODUCTION 

HIS article is the first of a series in which the changes in the form 

of the electrocardiogram observed after the ligation of the various 
subdivisions of the corenary arteries will be described. The experiments 
were earried out upon large dogs. In this animal the region supplied 
by the left coronary artery is much larger than that supplied by the 
right. A few millimeters from its origin the former vessel divides into 
three branches: the circumflex, the anterior descending, and the septal. 
The last nourishes a large part of the ventricular septum. When it is 
ligated, pronounced disturbances in intraventricular or in atrioven- 
tricular conduction usually occur. The anterior descending braneh usu- 
ally supplies most of the ventral wall of the left ventricle ineluding the 
anterior papillary muscle, and those portions of the ventral wall of the 
right ventricle that lie near the imterventricular suleus. The cireum- 
flex branch usually supplies most of the dorsal wall of the left ventricle, 
including the posterior papillary muscle and the more apical portions 
of the dorsal wall of the right ventricle. The right coronary artery 
supplies the more basal portions of the wall of the right ventricle. There 
are of course numerous variations in the distribution of these vessels 
and their branches and in the manner in which they anastomose, so 
that the extent and the exact location of the infarct produced by ligat- 
ing any one of them are variable. 

The chief purpose of this paper is to describe and to discuss the 
three experiments in which the septal artery was ligated. In all of these 
complete right bundle-branch block developed, and we have therefore 
included here a description of the changes in the form of the levoeardio- 
gram observed after the ligation of other coronary arteries. 


EXPERIMENTAL. PROCEDURE 


When we desired to study the immediate effects of coronary ligation, the animal 


was fully anesthetized with morphine and urethane and brought to the electrocardio- 


*From the Department of Internal Medicine, University of Michigan Medical School. 
7Of the Department of Medicine, University of Aberdeen. 
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graphic laboratory, where it was placed upon its back on a dog board. After be- 
ginning artificial respiration, the chest was opened by splitting the sternum. An 
incision parallel to the long axis of the heart was then made in the pericardium, 
and the cut edges were sewn to the margins of the chest wound so that the heart 
lay suspended as in a hammock. If the morphine given caused a pronounced slowing 
of the heart or a tendency to independent ventricular activity, the vagi were cut. 
For the standard electrocardiographic leads the electrodes were small copper disks 
with binding posts attached; these were sewn under the skin of the extremities. 
Similar electrodes were used for precordial leads, which were taken before the chest 
was opened. 

When it was desired to study the late effects of infarction, the ligation operation 
was done in the surgical laboratories, and morphine and ether were used to induce 
anesthesia. A flap of skin and muscle in the precordial region was turned back, 
and the chest was opened by cutting through an intercostal space and retracting 
the adjacent ribs. A small incision in the pericardium gave access to the vessel 
After this was tied, the chest was quickly closed layer by layer, and the 


selected. 
Aseptic precautions were observed and infection 


animal was allowed to recover, 
No electrocardiograms were taken prior to, or immediately following, 


was rare, 
In making electrocardiographie observations after the desired inter- 


the operation. 
val had elapsed, the same plan was followed as in the experiments in which the 


immediate effects of coronary ligation were under investigation. 

In ligating the septal artery we adopted the method employed by Lauterbach.1 
A complete description of this method and of the anatomical relations will be found 
in his article. This vessel is rather difficult to reach; it comes from the under 
side of the main trunk or the anterior descending branch of the left coronary artery 
very close to the junction of the anterior descending and circumflex branches. This 
junction is exposed by careful blunt dissection beneath the left auricular appendage 
in the angle between the attachment of this appendage and the pulmonary artery. 
A ligature is then passed first beneath the anterior descending branch close to its 
origin and then beneath the main trunk and beneath the cireumflex branch in turn. 
When tied it is almost certain to catch the septal vessel. The dissection must be 
earried out with great care if uncontrollable hemorrhage is to be avoided. 


DESCRIPTION OF SEPTAL EXPERIMENTS 


The immediate effects of septal ligation were studied in only one an- 
imal (Experiment J). In less than two minutes after tying the ligature 
there was a slight elevation of the RS-T segment of the ventricular com- 
plex in Lead I and a pronounced depression of this segment in Lead ITI. 
These changes became slightly more conspicuous within the next few 
minutes (Fig. 1) and persisted. The first evidence of intraventricular 
block appeared one hour and forty-five minutes after the ligature was 
tied. At this time ineomplete right bundle-branch block developed. 
Complexes characteristic of complete right branch block were observed 
about twenty minutes later. After a short period during which the 
block was at times incomplete no further change in the form of the 
electrocardiogram occurred. The animal was killed by inducing ven- 
tricular fibrillation about four hours after the septal artery was oc- 
eluded. On opening the heart the infaret was faintly visible as a slightly 
discolored area, some 3 em. in diameter, on the left side of the upper 
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septum. On palpation it was much firmer than the rest of the ventrieu- 
lar muscle. Both of the main subdivisions of the left bundle-branch 
crossed the affected area, which extended downward to the apex of the 
posterior papillary muscle and involved the upper three-fifths of the 
septal muscle. On the right side of the septum no change in the muscle 
was visible to the naked eye. Microscopie examination of the upper 
septum showed cloudy swelling and Zenker’s necrosis, but no leucoeytie 
infiltration or hemorrhage. No attempt to determine the condition of 
the bundle branches by histological examination was made in this or in 
our other experiments. 

In two experiments the late effects of septal ligation were studied. In 
both of these the eleetrocardiographie observations were made forty- 
eight hours after tying the artery. In the first (Experiment 46) the 


Fig. 1.—Experiment J. Lead I (above) and Lead III taken simultaneously just 
before and at various intervals after ligation of the septal branch of the left coronary 
artery. A was taken seven minutes before; B, three minutes after; C, forty-two 
minutes after; D, sixty-two minutes after; and #£, two hours after tying this vessel. 


standard leads taken before opening the chest showed complete right 
braneh block, with ventricular complexes of unusual outline in Leads 
{1 and III (Fig. 2). <A series of precordial leads was also taken, The 
exploring electrodes were sewn beneath the skin along a line passing 
across the precordium in a right-to-left and base-apex direction. This 
line intersected the midline 15.5 em. below the episternal noteh, and 
made an angle of about sixty-five degrees with the long axis of the 
body. The indifferent point paired with each exploring electrode in 
turn was a central terminal connected to the two fore legs and the left 
hind leg through resistances of 5,000 ohms.?_ In the curve taken farthest 
to the right the chief upstroke of QRS is late. It begins about 0.06 see- 
ond after the first ventricular deflection in Lead I. In the eurves from 
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the left side of the precordium the chief upstroke is early. It occurs 
about 0.02 second after the first deflection in Lead I. In these curves 
there is a conspicuous inverted peak synchronous with R in Lead I and 
a broad upward movement synchronous with S in Lead I. The midline 
eurve is transitional in form, but the main upstroke is early. The pre- 


cordial electrocardiograms are strikingly similar to those obtained in an 
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Fig. 2.—Experiment 46. Electrocardiograms taken forty-eight hours after ligation 
of the septal artery. A, Lead I (above) and Lead II; B, Lead I and Lead III. The 
second row shows four precordial leads taken simultaneously with Lead I. In the 
precordial curves 1 em. equals 2 millivolts. The indifferent point paired with each 
exploring electrode was a central terminal (see text). The position of the different 
exploring electrodes was as follows: V1, 6 cm. to the right of the midline; V2, in the 
midline: V3, 6.25 em. to the left of the midline; Vs, 11.5 cm. to the left of the mid- 
line. The figures written on the records give the time (in seconds) of the chief up- 
stroke with reference to the beginning of the QRS interval. C, Lead I and Lead III 
taken after opening the chest. Complete heart block is present. 


experiment previously reported® in which the right branch of the His 
bundle was cut. 

After the precordial leads had been taken, the chest was opened ; but 
before the heart could be exposed, complete atrioventricular block de- 
veloped. It persisted to the end of the experiment, and direct curves 
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which could be compared with those taken from the precordium were 
not therefore obtained. The idioventricular complexes were extremely 
variable in form, and although direct leads were taken it was not poe. 
sible to determine with certainty where the ventricular center or centers 
responsible for the various types of complexes were located. When 
the ventricular complexes were of the kind shown in Fig. 2, it was 
thought that the ventricular rhythm arose on the left side. A sharp 
electrode, insulated except at the tip, failed to yield deflections of the 
monophasic type when it was thrust through the wall of the right ven- 
tricle into the septal muscle, indicating that this muscle, or much of it, 
was dead. 

A photograph of the left side of the septum showing the location of 
the infarct is shown in Fig. 3. The right side of the septum showed 


Fig. 3.—Experiment 46. Photograph of the endocardial surface of the left ventricle. 


extensive changes of a similar kind, affecting its upper two-thirds. When 
the septum was sectioned, a large cavity due to liquefaction necrosis was 
found extending about 1.5 em. downward from the upper margin. On 
microscopic examination this cavity was seen to be surrounded by a 
zone of dense leucocytie infiltration in necrotic muscle. Outside this 
zone there was an extensive area of patchy necrosis. 

In the other instance (Experiment 51) in which the septal artery was 
ligated, the standard leads showed complete right branch block with 
ventricular complexes not strikingly different from those usually ob- 
tained after the right branch of the His bundle has been eut (Fig. 4). 
The form of these complexes was considerably altered by opening the 
chest, but remained the same in general outline. The precordial curves 
are somewhat distorted by alternating current. The exploring electrodes 
were sewn beneath the skin along a line which crossed the precordium 
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in a base-apex direction and intersected the midline at an angle of 
about seventy-eight degrees 17 em. below the episternal notch. In the 
eurve taken farthest to the right the chief upstroke of QRS begins 
about 0.04 second after the beginning of the QRS interval. In that 
taken furthest to the left the chief upstroke of QRS occurs about 0.02 
second after the beginning of the QRS interval. In form the precordial 


HHT 


Fig. 4.—Experiment 51. Electrcecardiograms taken forty-eight hours after ligation 
of the septal artery. A, Lead I (above) and Lead III before, and B, the same leads 
after opening the chest. Vr, the potential of the right fore leg. Vu, the potential of 
the left fore leg. Vr, the potential of the left hind leg. Third row shows four pre- 
cordial curves taken simultaneously with Lead I by the same method as the corre- 
sponding curves of Fig. 2 except that here 1 cm. equals 1 millivolt. The position 
of the various exploring electrodes was as follows: Vi, 6.5 em. to the right of the mid- 
line; V2, in the midline; V3, 9.5 cm. to the left of the midline; Vs, 17.5 cm. to the 
left of the midline. The last row shows a series of leads taken from a gauze pad 
Soaked in saline and laid upon the exposed heart. In these curves 1.5 em. equals 10 
millivolts, The exploring electrode was moved 1.5 to 2 cm. per step in a base-apex 
direction. V; was taken from that part of the pad that lay on the base of the right 
ventricle and Vs from that part that lay on the apex of the left ventricle. The in- 
different point for these leads was the same as for the precordial leads. The time 
of the chief upstroke with reference to the beginning of the QRS intervals is written 
on the records in ink. 
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curves are similar to the corresponding curves of the previous experi- 
ment. The indifferent poimt was again a central terminal connected to 
the two fore legs and the left hind leg through resistances of 5,000 ohms. 
Leads from the first three precordial electrodes. were, however, also 
taken by placing the indifferent electrode on the left hind leg. Usually 
the precordial curves taken by the two methods show only minor dif- 
ferences, but in this instance the curves taken by the second method 
are very different from those obtaimed by the first and are so strikingly 
alike in form that it is clear that they are dominated by the potential 
of the hind leg electrode (Fig. 5). The potential variations of this 
electrode and of the electrodes on the two fore legs were recorded by the 
method described in a preceding article.2. The curve from the left hind 
leg is very much like those from the left side of the precordium (Fig. 4), 


Fig. 5.—Experiment 51. The upper records are the same as Vi, Vz and V3 of Fig. 
4. The lower records were taken from the same exploring electrodes, but these were 
paired with the left hind leg electrode instead of with the central terminal. 


The curves from the two fore legs are very much alike and are somewhat 
similar to those from the right side of the precordium (Fig. 4). Semi- 
direct leads from a pad soaked in saline and laid upon the exposed heart 
were also taken, using the central terminal as the indifferent point. As 
in the case of the precordial leads, the curve taken farthest to the right 
shows a late, and that taken farthest to the left an early, chief upstroke. 
The pad curves and the corresponding precordial curves are similar in 
general outline (Fig. 4). 

Before direct leads could be taken, the heart dilated and the animal 
died. Photographs of the right and left sides of the septum are repro- 
duced in Fig. 6. On the left side the apex of the anterior papillary 


muscle was infareted; this part of the lesion is apparently due to the 
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unintentional obstruction cf a small artery on the left margin of. the 
heart at the time of the ligation operation. Practically the whole of 
the upper septum was necrotic; on microscopic examination there was 


a small area of autolytie softening surrounded by a heavy zone of leuco- 


evtie infiltration. 


51. Photographs of the endocardial surface of the left and right 


Fig. 6.—Experiment 
ventricles. 


In a fourth experiment (Experiment 48) a septal infaret was pro- 
duced accidentally. A large division of the septal artery lies just be- 
neath the endocardium on the right side of the septum. In attempting 
unsuccessfully to cut the right branch of the His bundle this artery 
was severed. Electrocardiograms taken one week later were not strik- 
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ingly abnormal. They showed moderate left axis deviation with a 
prominent R spike in Leads I and II and large S deflections in Leads T] 
and III. The infaret was not discovered until the heart was opened. 
It was visible only on the left side of the septum and was cireular and 
about 3 em. in diameter. The posterior subdivision of the left bundle 


branch crossed the region involved; the anterior subdivision did not. 
COMMENTS 


The experiments described are of interest from several points of view. 
The first (Experiment J) shows that the ligation of a coronary artery 
is followed by displacement of the RS-T segment of the ventricular com- 
plex even when the affeeted muscle lies in the septum and the epicardial 
surface of the heart is not involved. The last two experiments indicate 
that precordial leads may be of great value in locating the conduction 
defect when the ventricular complexes of the standard leads are of 
unusual outline. In bundle-branch block the precordial curves are 
often characteristic in every respect when the standard curves are not. 
The third experiment shows also that when the potential variations of 
the precordium are unusually small, the method of taking precordial 
leads in which a central terminal connected to the apices of the triangle 
formed by the three standard leads is used as the indifferent point has 
great advantages over that in which the indifferent electrode is placed 
on one of the extremities. 

In the bovine heart, strands of Purkinje tissue which pass through 
the septum and join the Purkinje network of the right to that of the 
left ventricle have been deseribed by Wahlin* and by Cardwell and 
Abramson.’ Rothberger® has advaneed the view that similar tracts of 
special tissue cross the septum in the dog’s heart. If we understand 
him correctly, he believes that the destruction of these tracts should con- 
siderably increase the QRS interval of branch-block curves. Referring 
to Mahaim’s views’ with respect to the lesions responsible for the eleetro- 
-ardiographie changes attributed to arborization block, he suggests that 
widespread lesions of the septum which destroy the connections between 
the Purkinje systems of the two ventricles and also involve the bundle 
branches to a greater or less extent should produce curves of this kind. 
So far as our experiments have any bearing upon these opinions, they 
do not tend to confirm them. The QRS interval is apparently no 
greater in right branch block when it is produced by septal ligation 
than when it is produced by eutting the right branch of the His bundle. 
The ventricular complexes do not resemble those attributed to arboriza- 
tion block more in the one ease than in the other. If connections be- 
tween the terminals of the two bundle branches were present in our 
animals, it is of course possible that they escaped destruction either be- 
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eause they lay outside the infarcted region or because Purkinje tissue 
is less easily killed by cutting off its blood supply than is ordinary heart 
musele. It is evident that some of the subdivisions of the left bundle 
branch which crossed the infarcted area continued to conduct. Lack of 
suitable equipment made it impossible to make serial sections of the 
infareted region. 

ORIGIN OF THE PRELIMINARY DEFLECTIONS OF THE LEVOCARDIOGRAM 


The experiments under consideration and some observations made in ex- 
periments of the same series in which other coronary vessels were ligated 
are of interest from still another standpoint. In right branch block 
the deflections inseribed during the first part of the QRS interval repre- 
sent the spread of the excitatory process over the muscle of the left 
ventricle. Each part of this muscle as it becomes active plays its in- 
dividual part in the formation of these deflections. When a section 
of the septal or of the free wall of the left ventricle is dead, the electrical 
forces that it normally produces can no longer oceur. <A study of the 
ventricular complexes of dogs with right branch block and extensive 
infarcts of the left ventricular wall should therefore give some indica- 
tion of the origin of the various deflections of the normal canine levo- 
cardiogram. In the ease of septal infarcts all the subdivisions of the left 
branch of the His bundle eross the infareted region. It cannot be as- 
sumed that these tracts always escape injury and that all the changes 
in the levoecardiogram produced by ligation of the septal artery are 
due solely to destruction of the part of the left ventricular wall affected. 
Injury to the specialized tissues probably plays no important role in 
determining the alterations in the levoecardiogram produced by infarets 
of the free wall. 

It should be pointed out also that the electrocardiographie changes 
that oceur during the earlier stages of infarction are not due to death 
of the affected muscle. The immediate effects of coronary ligation are 
the result of injury to the cell membranes of the muscle fibers whose 
blood supply has been cut off; ten or twelve hours must elapse before the 
fatally injured tissues become ineapable of producing potential differ- 
ences. It may take even longer for the injury currents set up at the 
margins of the infaret to subside completely. We shall therefore con- 
sider only those electrocardiograms that were taken at least twenty- 
four hours after a coronary artery was ligated. The form of the canine 
levocardiogram varies considerably from animal to animal. Minor 
changes in this curve cannot be detected unless control curves from the 
Same animal are available for comparison. Since such material is not 
at our disposal, we must be satisfied for the present with such informa- 
tion as may be obtained by comparing the right branch-block curves of 
dogs with extensive infarcts and those of healthy animals. 
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Some years ago Lewis* made a eareful study of the ventricular com- 
plexes that characterize right branch block in the dog under conditions 
similar to those that obtained in our experiments. He found that the 
great majority of animals give concordant curves in which the chief 
initial deflection (S) is downward im all three leads. In his experi- 
ments its value in Lead I usually lay between 0.2 and 1.3 millivolts: 
in Lead III, between 1.1 and 2.5 millivolts. The preliminary deflections 
ordinarily consisted in a small downward movement (Q) followed by 
an upward excursion (R). The value of the former varied between 
0 and 0.2 millivolt in Lead I and between 0 and 0.15 millivolt in Lead 
III; that of the latter between 0.1 and 0.3 millivolt in Lead I and be- 
tween 0.2 and 0.9 millivolt in Lead III. In a few animals the levo- 
ecardiogram was discordant, and the chief initial deflection of Lead I 
was upward. Lewis gave measurements of the curves obtained in twelve 
experiments; in half of these right branch block was produced by 
means of a clamp, and the possibility that some of the anterior sub- 
divisions of the left bundle branch were damaged cannot be exeluded. 
Similar measurements of the right branch block curves of twenty-two 
animals are shown in Table I (H2 to H1S8 inelusive). To conserve 
space, measurements of Lead II are omitted. Most of these curves were 
taken by Wilson and Herrman® in the course of their work on ineom- 
plete bundle-branch block. In all the experiments the animal was 
placed on its back and the chest was opened by splitting the sternum. 
In the last ten (H6 to H18 inclusive) one or more attempts to cut the 
left branch of the bundle were made before the right braneh was at- 
tacked. In four (H7, H16, H17 and H22) of these ten experiments the 
cuts on the left side produced transient left branch block, but the ven- 
tricular complex regained its normal form before the right branch block 
was produced. No experiment is included in which the major subdi- 
visions of the left branch were not intact when the heart was opened. 
With a few minor exceptions all the measurements fall within the limits 
given by Lewis. Table I also gives measurements of the right branch 
block curves of ten dogs with infarets of various kinds (Experiments 46 
et seq.). The curves are reproduced in Figs. 2 B, 4 B, and 7 B, D, F, 
H, K, M, O and Q. 

The levoeardiogram of the first animal (Experiment J) in which the 
septal artery was tied is of the discordant type, but all the deflections 
of Lead I are small. Since we cannot assume that the infareted muscle 
was dead when the electrocardiograms were taken, this experiment 1s 
not suitable for our present purpose. The ventricular complexes of the 
second animal (Experiment 46) are of unusual outline, particularly in 
Leads II and III. In the latter lead, Q is abnormally deep and R is 
greatly exaggerated. The final downward movement (S) is less pro- 
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nounced than usual. The onset of complete atrioventricular block with 
idioventricular complexes of varying form suggests that the left bundle 
branch was seriously damaged and eventually failed completely, It js 
possible that only a single subdivision was functioning when the first 
curves were taken. Ventricular complexes strikingly similar in form 
were obtained by Rothberger and Winterberg'’ (their Plate X, Figs, 8 
and 8f) in an experiment in which they had cut the right and all the 
more posterior subdivisions of the left bundle branch. Complexes jin 
which the chief initial deflection is upward in Lead III appear to be 
frequent under these circumstances. Such curves (Fig. 8 H) were ob- 
tained in one of our experiments in which the incisions on the right side 
of the septum were so deep that they reached almost through it. When 
the heart was opened an extensive extravasation of blood was found 
about the posterior branches of the left division. It seems probable that 
the peculiarities of the ventricular complexes in our second septal ex- 
periment were due mainly to blocking of these tracts. It is of course 
uncertain what effect opening the chest might have had upon the form 
of these curves. 

In the third experiment (Experiment 51) the form of the braneh 
block complexes is less unusual. They are not clearly outside normal 
limits. In view of the large amount of muscle infarcted this is somewhat 
of a surprise. It is probable, however, that if control curves from the 
same animal were available for comparison, definite changes could be 
detected. 

The electrocardiograms taken before and after cutting the right branch 
of the His bundle in five experiments in which the anterior descending 
branch of the left coronary artery had been ligated at least twenty- 
four hours before are reproduced in Fig. 7. The bicardiograms are 
similar to the human eurves obtained in coronary thrombosis affecting 
the same vessel."! In Lead I the first ventricular deflection (Q) is down- 
ward and is of large amplitude; in Lead III the first deflection is up- 
ward. The right branch block complexes of the first set of curves (Ex- 
periment 11) are not abnormal. The ligation operation was performed 
seventy-eight days before the electrocardiographie studies were made. 
There was an extensive subendocardial sclerosis on the ventral wall of 
the left ventricle; this lesion penetrated the wall over an area a centi- 
meter or less in diameter. When the right side of the heart was opened, 
no cut crossing the course of the right division could be seen, but it is 
evident that this bundle must have been damaged. The second set of 
curves (Fig. 7 C and D) is from an experiment in which the infaret 
penetrated a narrow strip of the left ventricular wall on the left margin 
of the heart. The lesion was more extensive on the endocardial surface 
and involved the anterior papillary muscle. In three experiments (14, 
19, and 29) the infaret was very large and involved the greater part of 
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the ventral and left lateral wall of the left ventricle, and the adjacent 
portions of the ventral wall of the right ventricle. In the branch block 
complexes of the last four experiments (15, 19, 14, and 29) the pre- 
liminary deflections (Q and R) of Lead I either are absent or are rep- 
resented merely by an irregularity on the descending limb of the chief 
deflection (S), which is unusually deep. In the last experiment the pre- 
liminary deflections are absent in Lead IIT as well (Fig. 7-A). In this 
instance the apex and the apical third of the dorsal wall of the left 


Fig. 7.—The bicardiograms (Leads I and III) and right branch-block complexes 
(same leads) of a series of dogs with myocardial infarcts. A and B are from Experi- 
ment 11, and were taken seventy-eight days after ligation of the anterior descending 
branch of the left coronary artery. C and D are from Experiment 15, and were taken 
twenty-four hours after ligation of the anterior descending artery. FE and F are from 
Experiment 19 and were taken forty-eight hours after ligation of the anterior descend- 
ing artery. G and H are from Experiment 14 and were taken forty-eight hours after 
ligation of the anterior descending artery. J and K are from Experiment 29 and 
were taken ninety-six hours after ligation of the anterior descending artery. L and 
M are from Experiment 41 and were taken forty-eight hours after ligation of the 
circumflex branch of the left coronary artery. N and O are from Experiment 42 and 
were taken forty-eight hours after ligation of the right coronary artery. P and @Q 
— ceeun Experiment 38 and were taken five days after ligation of the right coronary 

ery. 


== = = 


610 THE AMERICAN HEART JOURNAL 


ventricle, as well as practically the whole of the ventral wall, were in- 
cluded in the infaret. 

While it is true that either or both of the preliminary deflections of 
Lead I may be inconspicuous in the right branch block complexes of 
normal animals (see Table 1), this is distinetly unusual, and the proba- 
bility that it would occur accidentally in four experiments in succession 
is very small. We attribute the peculiarities of both the levocardiogram 
and the bicardiogram in these experiments to the absence of the electrical 
effects normally produced by the spread of the excitatory process over 


the infarcted region. 


Fig. 8.—All records show Lead I and Lead III taken simultaneously. Figures writ- 
ten on the records give the QRS interval in seconds. Top row: Experiment 45, A, 
after opening the chest; B, after cutting the anterior subdivisions of the left bundle 
branch; C, after cuting the right bundle branch. Middle row: Experiment 50. D, 
after opening the chest; EF, after cutting the anterior subdivisions of the left bundle 
branch; F, after cutting the right bundle’ branch. Bottom row: Experiment 
13. G, after opening the chest. H, after-cutting right bundle branch. There was pro- 
——— extravasation of blood about the posterior subdivisions of the left bundle 
branch. 


It should be pointed out that these changes are not due to damage 
to the anterior subdivisions of the left bundle branch, whieh transmit 
the excitation wave to the region affected. The electroecardiograms taken 
in two experiments in which these tracts were cut are reproduced in 
Fig. 8. It will be observed that the changes in the bicardiogram pro- 
duced by this procedure are quite different from those observed follow- 
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gation of the anterior descending coronary artery, The latter ean- 


ing li 
not therefore logically be attributed to intraventricular block affecting 


Except for the absenee of distinet preliminary 


the tracts in question. 
deflections in Lead III in one set ef curves (Fig. 8-F’) the branch block 
complexes of these experiments are not unusual, The levocardiograms 
are not of the discordant type in which the chief deflection of Lead I is 
upward, as is often the case when the anterior branches of the left di- 
vision have been injured.*” ® Ligation operations, partly unsuccessful,* 
had been performed cn both of the animals used in these experiments. 
In each ease a small infaret involving only the inner layers of muscle, 
and approximately a centimeter in diameter, was discovered when the 
left ventricle was opened. In one instance the lesion involved the base 
of the anterior papillary muscle; in the other it lay just above the apex 
of this structure. It seems unlikely that these infarets had any im- 
portant influence on the form of the ventricular complexes. 

The sixth set of curves (L and M) shown in Fig. 7 is from an experi- 
ment in which the circumflex branch of the left coronary artery was 
ligated forty-eight hours before the electroeardiograms were taken. In 
Lead I the ventricular deflections of the bicardiogram are very small; 
in Lead III the first and chief deflection (Q) is downward. Similar 
changes in the bicardiogram in Lead III are seen in coronary thrombosis 
in man, when the infaret is on the posterior wall of the heart.’! In the 
branch block curves preliminary deflections are absent both in Lead ] 
and in Lead III. The last two sets of curves are from animals with 
infarcts of the right ventricle produced by ligation of the right coronary 
artery. In the bieardiograms the first ventricular deflection is upward 
in both Lead I and Lead III. In one instanee the preliminary deflections 
of the levocardiogram are inconspicuous in Lead I, but the branch block 
curves are not strikingly peculiar in other respects. 

While the experiments deseribed do not enable us to identify with 
certainty the portions of the left ventricular muscle chiefly responsible 
for the various deflections of the canine levocardiogram, they offer a 
few valuable suggestions. Since the larger of the preliminary deflections 
(R) is preserved when a large part of the septum proper is destroyed, 
but tends to disappear when the free wall is extensively involved, it is 
hardly possible that this deflection ean be of septal origin. The changes 
in the bicardiogram produced by infarcts that involve the ventral and 
those that involve the dorsal wall, respectively, would lead us to expect 
that this peak would be abolished in Lead I by infarcts of the former, 
and in Lead III by infarets of the latter kind. This is essentially what 
we find to be the ease. The infarets produced by ligation of the anterior 
descending artery usually involve the left margin of the heart, and it is 


*The large vessel selected for ligation was missed. 
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probably the activation of this portion of the wall that contributes most 
to R of the levocardiogram in Lead I. These infarets also tend to in- 
volve the muscle to which the anterior margin of the septum is attached, 
but do not in the dog extend to the septum proper. The infarets pro- 
duced by occlusion of the posterior descending artery* usually face to- 
ward the left leg in man and toward the left hind leg in the dog. These 
parts of the wall when uninfareted produce electrical effects that tend 
to make this extremity relatively positive, and are chiefly responsible 
for R of the levocardiogram in Lead III. Infarction of these parts, by 
subtraction of these electrical effects causes disappearance of the R de- 
flection, and its replacement by a downward deflection in that lead, 
These infarets also tend to involve the muscle to which the posterior 
margin of the septum is attached. We believe that the infarction of 
those portions of the wall attached to the septal margins is unimportant 
so far as the disappearance of the preliminary deflections of the levo- 
-ardiogram is concernedt both in the ease of ventral and in the ease 
of dorsal infarets. This musele must be activated in the same general 
direction as the septum proper and should produce similar electrical 
effects. 

The other preliminary deflection (Q) is inconstant in healthy animals, 
and its identification depends upon the presence of an R summit. Con- 
sequently, our observations throw very little light upon its origin. We 
may point out that a large Q deflection may be present in Lead III 
when a large part of the septum is dead (Fig. 2). It seems probable 
nevertheless that in normal animals Q of the levocardiogram is pro- 
duced by muscle on the septal rather than by muscle on the left lateral 
side of the left ventricle. One should not be confused by a terminology 
that is convenient for the purposes of description, but has nothing to do 
with origins. The current terminology, which we do not propose to 
change, refers to Q as any initial downward deflection preceding the up- 
stroke R; it is not concerned with the origin of this deflection. The 
small deflection under consideration is not analogous to the Q deflection 
of the human levocardiogram except in eases where the human levo- 
ecardium is similar to that of the dog. When in branch block curves the 
chief and broadest QRS deflection in one lead is upward, the small de- 
pression that precedes it, though technically called Q, is really in eausa- 
tion analogous to a preliminary R deflection upside down. 

In a previous article the view was advanced that the chief initial de- 
flection of the levocardiogram (S) is not due to activation of the free 

*In the dog this vessel is derived from the circumflex branch of the left coronary; 
in man it is usually derived from the right coronary. 

+The form of the bicardiogram after ligation of the anterior descending or of the 
circumflex branch of the left coronary suggests that this procedure alters the form 
of the dextrocardiogram as well as that of the levocardiogram. After ligation of the 


former vessel stimulation of the anterior surface of the right ventricle may yield in 
Lead I complexes that begin with a deep downward excursion. 
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wall of the left ventricle, but is of septal origin. This statement re- 
ferred, of course, to the descending limb of the large downward deflee- 
tion in right branch block, and not to the later portions of this deflection 
which are clearly contributed by right ventricular muscle. One might 
therefore expect infarcts of the lateral wall to increase, and infarets 
of the septum to decrease the size of this deflection. The matter is, 
however, somewhat complicated. First of all, we do not usually know 
in an individual ease of right branch block at exactly what point right 
ventricular effects begin to modify the true levoecardiogram. In the 
second place, infarets of the lateral wall cannot modify deflections 
normally written by the septum after the activation of the lateral walls 
has been completed; septal infarets cannot modify deflections ordinarily 
written by the right ventricle after activation of the septum has been 
completed. If the right ventricular effects are alone responsible for 
the deepest part of S, infarction of the septum can do no more than 
alter the position and slope of the descending limb of this deflection. 
Theoretically, infarets of the septum and infarets of the lateral wall 
of the right ventricle should, however, if the view under consideration 
is correct, algebraically diminish the area of the initial deflections in 
right branch block. Infarets of the lateral wall of the left ventricle, 
on the other hand, should inerease this area. The observations reported 
here do not either confirm or discredit the hypothesis that the chief 
deflection of the levocardiogram is of septal origin. The changes in §, 
if present, are not pronounced enough to enable us to detect them with- 
out control observations on the same animals made before the infarcts 
were produced. In the absence of control curves it has seemed useless 
to measure the areas of the initial deflections, a laborious operation. It 
may be noted that in the experiments in which the anterior descending 
artery was ligated S does appear to be unusually deep and the area of 
the initial deflections unusually small (absolutely large but negative 
in sign) in Lead T. In one of the septal experiments S is small and 
the area positive in the same lead. In Lead III, however, S is deeper 
and the area more negative in the latter experiment than in any of the 
former group. Since any conclusions must involve assumptions difficult 
to justify, it is not worth while to discuss this matter further at this 
time. 

Since infarets of the free wall modify R of the levocardiogram, at least 
part of the muscle affected must normally begin to produce potential 
differences very early in the QRS interval. We strongly suspect that 
practically all the endocardial surface of the left ventricle is already 
active when the upstroke of this deflection begins. Apparently the 
muscle that contributes to even the earliest ventricular deflections in 
standard leads is very widely distributed. For this reason it is difficult 
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to determine the origin of any of the QRS deflections in terms of the 
muscle region or regions responsible for them. Attempts to do so have 
often led to misconceptions. 

One difficulty in the solution of this problem lies in the fact that the 
QRS group has no natural divisions. The first deflection, for example, 
varies from lead to lead in size, in direction and in duration, The 
muscle responsible for this deflection not only varies with the lead. but 
in any given lead is not necessarily the same in animals of different 


species nor even in different individuals of the same species. 
SUMMARY 


Ligation of the septal branch of the left coronary artery in the dog 
is usually followed by infarction of a large part of the ventricular 
septum. Immediately after this vessel is obstructed the electroeardio- 
gram shows displacement of the RS-T segment of the ventricular com- 
plex. Later, disturbances of intraventricular or atrioventricular 
conduction develop; right bundle-branch block occurred in all three of 
our experiments. In one instanee the right branch block complexes 
were not strikingly different from those usually obtained after the right 
branch of the His bundle has been cut, in spite of the faet that a large 
part of the septal muscle was dead. 

In right bundle-branch block the precordial electrocardiograms may 
be characteristic in every respect when the standard electrocardiograms 
are not. Under these circumstances precordial leads are of great value 
in locating the conduction defect. When the potential variations of the 
precordium are small, the precordial electrodes should not be paired 
with a single electrode, but with a central terminal connected through 
like resistances of 5000 ohms or more to all three extremity electrodes. 

The R deflection of the levocardiogram is not abolished by infaretion 
of the septum but is frequently absent in Lead I after ligation of the 
anterior descending and in Lead III after the ligation of the cireum- 
flex branch of the left coronary. This deflection is not of septal origin. 
The muscle responsible for the preliminary deflections of the levocardio- 
gram is widely distributed, and it is probable that most of the endo- 
cardial surface of the left ventricle is active before the first summit of 
the levoeardiogram is written. ° 

Nore: We wish to thank Prof. C. V. Weller and the members of his staff for 
making and examining microscopic sections of the infarcts produced in our experi- 
ments. 
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THE INITIAL COMPLEX OF THE ELECTROCARDIOGRAM 
AFTER INFARCTION OF THE HUMAN HEART* 


Max WINTERNITZ, M.D. 
PRAGUE, CZECHOSLOVAKIA 


OLLOWING the studies of Herrick,’ Smith,? and Pardee® the 

changes in the final complex (T-wave) and in the S-T interval in 
eases of coronary sclerosis and thrombosis have been a fertile subject 
for clinical and experimental research. In contrast, the changes in 
the initial complex have, up to the present, received little attention. 
And yet from the first it must seem unlikely that the destruction, often 
so extensive, of part of the great connected mass of heart muscle 
should not be reflected in the process of activation of the ventricular 
muscle and in the corresponding electrical curve. Wearn* and after 
him a number of other writers have called attention to the decrease 
in the size of the ventricular waves following coronary thrombosis. 
Wilson’ was the first to point out the appearance of a deep Q-wave in 
Lead III following coronary closure, a finding which has since received 
considerable attention. Fenichel and Kugell® extended these observa- 
tions and held that an unusually deep Q in Leads I and II was also 
significant. Oppenheimer and Rothschild’ found that infarction in 
the region supplied by the anterior descending ramus resulted in the 
changes described by them as arborization block, and Mahaim* made 
clear the relation between myocardial infarct and bundle-branch block. 

None of the changes mentioned are pathognomonic for cardiae in- 
farection. We may find low voltage, decrease in the size of the waves 
of the electrocardiogram, in all cases which are associated with severe 
impairment of cardiae function. We see this with about the same fre- 
quency in eases of acute myocardial infarct, in cases of severe infee- 
tions or intoxications, in cardiac asthma and at the time of death. 
Moreover low voltage may be quite lacking in cases of arterial hyper- 
tension, or it may appear with pericardial effusion. As a sign we can 
put low voltage in the class with diminished heart sounds. 

We may find a deep Q-wave with coronary thrombosis or with un- 
complicated sclerosis, with left axis deviation, with scoliosis and also 
as a variation of the normal electrocardiogram.” *° 

Of more serious significance is the appearance of deep Q-waves in 
several leads which we occasionally find in chronic coronary occlusion 
and old infarets. Freundlich," to be sure, heeded this sign only when 
abnormal changes in the final complex were also present. 
of 


*From the First Medical Clinic of the German University in Prague, service 
Dr. Rudolf Schmidt. 
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The question often arises whether there is not special difficulty in 
interpreting clinically the electrocardiogram, in how far the changes 
in the initial complex after coronary thrombosis can be attributed to 
this insult, when, as is usually the case, the form of the electrocardio- 
gram before the insult is unknown. Since the coronary thrombosis is 
seldom the first or only pathological change in the heart, preexisting 
anomalies of the electrocardiogram must always be considered. This 
is particularly true in cases of arborization and bundle-branch block. 

In the following discussion I shall report a series of cases which 
form a distinet group in that definite electrocardiographie changes of 
the QRS group correspond with definite myomalacia of the heart 


Fig. 1.—Case 1, attack on Feb. 24, 1931. 


muscle and make it possible to diagnose myocardial infarct without 
knowledge of earlier electrocardiograms, of autopsy findings, or even 
at times of the clinical picture. In addition to our own cases we shall 
cite cases from the literature in which similar changes were present 
but not stressed by the authors. First I shall give abstracts of the 
clinical histories of our patients, mentioning only the essential points 
and showing only as many of the electrocardiograms as seem necessary. 


CASE REPORTS 


CASE 1.—Forty-six-year-old letter carrier. Angina on effort since 1926. February 
24, 1931, a typical attack with pain referred to the abdomen. Blood pressure on 
Feb. 26, 116/65 mm., on March 24, 95/65 mm. Recovery after eight weeks. In 
July, 1932, while taking CO, baths he had acute decompensation, and was admitted 


ay 
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to the clinic. Progressive cardiac failure and pulmonary infarction led to death 
on Aug. 22, 1932. Autopsy:* slight general arteriosclerosis with marked coronary 
sclerosis and extensive calcification, complete closure of the anterior descending 
ramus with area of myomalacia 12 em. in diameter, aneurysm of the ventricular 
wall large enough to hold a man’s fist associated with adherent pericardium, 
hypertrophy of the leit ventricle and great hypertrophy and dilatation of the right 
ventricle, thrombosis of femoral vein, hemorrhagic pulmonary infarct, chronic 
passive congestion. Histological examination of the kidneys showed only congestion, 

Electrocardiograms. The first electrocardiogram, three days after the insult 
(Fig. la), shows in Lead I the convex T-wave with high take-off from the de- 
scending limb of R, while in Leads II and III also T starts above the isoelectric 


level but lacks the characteristic coronary form, having a form which is not uncom- 


Fig. 2.—Case 2 (a) Twenty-four hours after the attack. (6b) seventeen days after 
the attack, (¢) after clinical death. 

inon in these leads in cases of left axis deviation. Fig. 1 b and ¢ also illustrates left 
axis deviation. One also notes the widening of QRS, just missing 0.1 sec. in Lead I 
and 0.11 sec. in Lead II. Lead I is not typical of left axis deviation in that there 
is only a rudimentary R following the*broad Q-wave. The ratio of R,, S, and §, is 
3.5:15:14. After fifteen months we find Q, clearly formed and R, higher, just 
missing 9 mm. Left axis deviation, probably present before the insult, has re- 
appeared. 

Summary: Thrombosis of the anterior descending ramus with a 
large infarct and aneurysm in the area supplied by this vessel. In 
the acute and subacute stages the electrocardiogram showed, together 


*All the autopsies reported were performed in the German Pathological Institute, 
Dr. A. Glon being chief. 
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with the typical T-wave changes, a left axis deviation but with very 
small R-waves. After fifteen months the R-waves had become upright. 


Case 2.—Turner, aged fifty-three years. Dyspnea on effort since 1920. January 
97, 1931, pain typical of coronary closure, blood pressure at the onset 130/85 mm. 
On Feb. 17, after several days of tolerable condition, an attack of supraventricular 
paroxysmal tachycardia with rate of 220 and alarming collapse. As quinine, 0.2 gm. 
intravenously had no effect, 0.8 gm. was given three hours later. Death followed 
within a few minutes. Autopsy: advanced sclerosis of the left coronary artery, es- 
pecially the anterior descending ramus with old thrombosis in its upper third and a 
resulting aneurysm involving the wall of the left ventricle, the septum and the apex; 
mural thrombus; thickness of wall of left ventricle in region of venous ostia 15 mm., 
in region of aneurysm 4 mm.; many smaller sears scattered through the muscle; 
slight sclerosis of the aorta; congestion and edema of the lungs; kidneys normal 


except for congestion. 


Fig. 3.—Case 3, attack in May, 1929. 


Electrocardiograms. Fig. 2a, taken thirty-six hours after the insult, shows in 
Lead I a low R with typical high take-off and convexity of the R-T segment. Leads 
If and IIf show the prominent S$ of left axis deviation. In the next few days 
(Fig. 2b) the picture of low voltage appeared in all leads, T shows the characteristic 


changes. Fig. 2¢ shows the electrical activity of the dying ventricle. 


Summary. Myomalacia with aneurysm of the wall in the area of 
distribution of the anterior descending ramus following acute coronary 
thrombosis. In the acute stages the electrocardiogram showed left 
axis deviation with noteworthy small R, and deep 8, and §.,. 

CASE 3.—Fifty-four-year-old woman with nephrosclerosis. Under the supervision 
of the clinie for years because of hypertension, Since the end of April, 1929, dyspnea 
and anginal pain on effort. In May, 1929, an attack of pain lasting fourteen hours, 
appearing without exciting cause, associated with extreme anxiety and dyspnea. 
After this, enforced bed rest for eight days. On June 11, 1929, blood pressure 
185 mm., specific gravity of urine 1.006 to 1.018, angiospastic neuroretinitis, cardiac 
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decompensation. Since then constantly under observation in the clinic or ag an 
ambulatory patient because of cardiac insufficiency. She was hypersensitive to 
strophanthin. Death on August 17, 1930, after several days of anuria from cardiac 
and renal insufficiency. Autopsy: generalized arteriosclerosis with marked sclerosis 
of the coronary arteries, particularly the anterior descending ramus, chronie an- 
eurysm the size of a goose egg of the ventricular wall in the region supplied by this 
vessel; definite fibrous scarring of the heart and adherent pericardium; nephritis 
with marked shrinking of the glomeruli, and sclerosis of the afferent vessels, 
Electrocardiograms. Fig. 3a shows the electrocardiogram four years before the 
insult, typical left axis deviation. A year later the picture was the same. Extra- 
systoles, always of the form shown, were observed for years. Fig. 3b shows the picture 
six weeks after the attack and was the form which persisted until death fifteen 
months after the attack. The R-wave of Lead I has become widened, splintered 
and of low voltage, while the Q-wave is even more prominent. A noteworthy change 
in the form of the ventricular extrasystoles has occurred. In a large collection of 


also a case of coronary thrombosis—in 


material we have seen only one other case 


which there were such changes in the form of the premature beats. 


Fig. 4.—Case 4, attack August 4, 1932. 


Summary. Clear-cut old myomalacia in the region supplied by the 
anterior descending ramus in a patient with hypertrophy of the left 
side of her heart and nephrosclerosis. The characteristic dwarfing of 
R, appeared six weeks after the attack and persisted until death, 
fifteen months after the attack. Unquestionable changes in the form 
of the extrasystoles, which presumably arose from the same focus, 
appeared after the attack. 

Case 4.—Fifty-four-year-old housewife, in good health until August 4, 1932. 
On the afternoon of this day a sudden attack of vertigo forced the patient to lie 
down. A few hours later she had an extremely violent attack of pain associated 
with collapse and followed by dyspnea and fever. Admitted to the clinic August 6. 
Temperature 38.4°, blood pressure 120/80 mm., right hydrothorax, signs of pul- 
monary edema, heart somewhat dilated with feeble impulse a fingerbreadth outside 
midelavicular line, heart sounds feeble, systolic murmur at apex, pulse scarcely 
palpable, rapid and irregular. Recovery was interrupted by an attack of auricular 
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fibrillation on August 9 and 10. On August 12 auricular flutter which, because of 
the rapid ventricular rate (190 with two-to-one block), seemed to threaten life but 
which was overcome with quinidine, 0.8 gm. Further course uneventful. Blood 
pressure on August 29 was 95/70 mm. but later rose to 110/75. X-ray examination 
showed a dilated heart without characteristic form. 

Electrocardiograms. Fig. 4a shows auricular fibrillation. In Lead I the form of 
T is so affected by the fibrillary waves that from it alone one could hardly make a 
diagnosis of coronary thrombosis. The initial complex shows a left axis deviation 
with R, smaller than S, or S,. The decrease in size is even more apparent in 
Fig. 2b, taken six weeks after the insult. Six months after the attack (Fig. 4c) 
the R-waves had increased in size, and sinus rhythm had been reestablished. 

Summary. A ease of coronary thrombosis, without question from 
the clinical course, showed in its acute stages T-wave changes which 


Fig. 5.—(a, b) Case 5, attack November 6, 1932. 
27 


(d) Case 9, attack in May, 1931. 


were only suggestive, while the changes in the initial complex, low R, 
together with deep S, and S8,, were definite. Return of normal R, 
six months after the attack. 


Case 5.—Forty-nine-year-old office worker. In January, 1929, began to suffer 


from nocturnal anginal distress. Symptoms soon appeared on walking but were 
never paroxysmal in character. In August, 1929, he entered the hospital because of 


an exacerbation of the symptoms. Except for distant heart sounds there were no 


abnormal cardiac findings. Blood pressure 150/75 mm. Unexplained elevation of 
temperature. Good effects from luminal and hormocardiol. After discharge he re- 
turned at once to his work (which involved much stair climbing) and almost im- 
mediately was attacked by sternocardia and epigastric pain. On the night of 
November 6, 1932, he was wakened by a terrific attack of pain associated with 
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angor animi and sense of suffocation. The next day he was moved, in a state of 
collapse, still with severe pain, and with a temperature of 358.6.° After a short 
period of improvement the picture was complicated by extrasystolie ventricular 
tachycardia with a rate of about 150. He died November 17. Autopsy: high grade 
sclerosis of coronary vessels, almost complete old closure of circumflex branch of left 
coronary, old malacia of the posterior wall of the left ventricle, closure of anterior 
descending branch in its upper third with recent necrosis of the anterior wall of the 
left ventricle from basal portion to the apex, scarring of the septum, eccentric 
hypertrophy of the right side, chronic passive congestion. 

Electrocardiograms. Fig. 5a is one of many electrocardiograms taken between 
August 22, 1929, and August 16, 1932. All showed a picture, not at all striking, of 
left axis deviation with relatively low waves, flat T and slight slurring of § in 
Leads IT and IIT. Fig. 5b, taken three days after the second attack, shows a small 
Q, followed by a reduced R, but only slight decrease in the size of S, and §,, T, 
shows an upward convexity. In the following days, with the decreasing size of all 


waves, R, disappeared almost completely. 


Summary. Two attacks of coronary thrombosis, the first involving 


the circumflex and leaving no clear-cut electrocardiographie evidence, 


A 
| | | 


Fig. 6.—(@) Case 6, time in 1/20 see. 
(b) Case 7, four days after the attack. 


Three years later occlusion of the anterior descending ramus led to 
malacia and in the electrocardiogram almost complete disappearance 


of R, while 8, and S, remained relatively well formed. 


CASE 6.—There is little information concerning this case, that of a sixty-seven- 
year-old man who visited the clinic only once as an ambulatory patient. For several 
months he had suffered from arthritis of the left shoulder and complaints interpreted 
as anginal. Electrocardiogram was taken because the fluoroscopic picture showed a 
striking deformity of the left side of the heart interpreted as an aneurysm of the 
ventricle. Blood pressure 160 mm. Hg. 

Electrocardiogram. Fig. 6a shows’a record made with Sieman’s oscillograph 
In all leads QRS is widened to approximately 0.12 sec., but lacks the great size and 
bizarre form characteristic of complete bundle-branch block. The small R, contrasts 


sharply with the deep and 


Summary. Clinical and roentgenological findings to support the 
diagnosis of aneurysm of the wall of the left ventricle, broad left 
form of electrocardiogram with striking decrease in R, compared with 


deep S, and 
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Case 7.—Fig. 6b was derived from a seventy-three-year-old patient and was taken 
outside. According to the report of the attending physician the patient had had a 
typical attack of coronary thrombosis four days earlier, Blood pressure was nor- 
mal before the attack. 

Another record showing left axis deviation but in this case 


Contrast the tiny R, with the 


Electrocardiogram. 
definite R-waves are present in Leads IT and IIL. 


well-marked S, and 8,. T, inverted. P-R interval 0.20-0.21 see. 


Fig. 7.—Taken from Levine, Figs. 1 and 6. 
(a-c) Attack July 6, 1922, good recovery. 
(d,e) Attack April 8, 1923, death three years later, no autopsy. 


Summary. Four days after acute coronary closure the electrocardio- 
gram suggests myocardial infarct because of the contrast .between a 
diminutive R, and a clear-cut S, and S,. 

We shall consider with these cases several definite cases of coronary 


thrombosis taken from the literature and belonging in the same group. 


| 
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Levine’* in his monograph cites 82 incontestable cases of coronary 
thrombosis in which electrocardiograms were taken, in some eases 
both before and after the attack. Of these cases 12 belong in our 
group, those shown in Levine’s Figs. 1, 4, 6, 8, 17, 30, 41, 43, 61, 70, 76 
and 77. Figs. 7 to 10 are reproductions from Levine’s elassie ma- 
terial. In three cases one can follow the development of the changes 
from simple left axis deviation. Five cases were controlled by autopsy 


From Levine, Figs. 30, 41, 61. 

(a, b) Attack July 4, 1922, death August 8, 1922, infarct of the left ven- 
tricle with rupture. 

(c,d) Infarct August 25, 1925; death August 31, 1927. Mesaortitis, 
stenosis of ostia of coronary vessels, acute infarct of the left ven- 
tricle. According to Levine, “Electrocardiogram without definite 
changes.” Note S-T in Lead II! 

(e,f) Attack March 20, 1927, good recovery in spite of paroxysmal ven- 
tricular tachycardia. 


Fig. 8. 
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and infarction of the left ventricle was found in all. In three cases 
the anterior descending ramus of the left coronary artery was the site 
of the thrombosis, and in two cases the location of the closure was 
not mentioned. In two cases there was definite aneurysm of the 
ventricle in the area supplied by the occluded vessel. Fig. 10c is 
taken from Dressler’s’* atlas and shows the same type of case. The 
author noted that the tracing was from a case of luetic aortic aneurysm 
and that it resembled the tracings seen in cases of coronary closure. 
As a matter of fact the appearance of T, strongly suggests the presence 


Fig. 9.—(a-c) From Levine, Figs. 4, 17, 48. (a) Attack May 2, 1927. Wasser- 
mann reaction +++, good recovery. (b) Attack July 20, 1924; 
autopsy, thrombosis of anterior descending ramus. (c) Attack 
November 26, 1926, recovery, later death without autopsy. 

(d) From Freundlich, Fig. 11. Three months after attack. 


of luetic coronary occlusion with resulting myomalacia. In Fig. 73 
of his book Mahaim® shows the tracing of a case which was confirmed 
by autopsy and which is here reproduced in Fig. 10d. Autopsy showed 
embolic (?) closure of the anterior descending ramus with typical 
localized infarct and aneurysm of the heart wall. We shali return 
to the histological picture later. Fig. 10e, taken from Condorelli’s 
book,’* is derived from a ease of coronary thrombosis which showed 
at autopsy closure of the left coronary with infarct in its area of dis- 
tribution. In one of Smith’s” eases (his Fig. 3) the record taken a 
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few days after the attack shows a picture similar to that which we 
have illustrated in Figs. 1 to 5. Autopsy showed closure of the anterior 
descending ramus and of two smaller branches of the circumflex ramus 
with definite myomalacia at the apex of the left ventricle. In Oet- 


.16 


tinger’s'® work we find that the ease illustrated in Figs. 3 to 6 belongs 


Fig. 10.—(a) Levine, Fig. 8. Attack June 10, 1921; death June 22; blood pressure 

had been 200. ° 

(b) Levine, Fig. 77. Attack October 18, 1923, death December 3, 1923, 
almost complete closure of anterior descending ramus. 

(c) From Dressler, Fig. 22 (see text). 

(d) From ._Mahaim, Fig. 72 (see text). 

(e) From Condorelli, Fig. 67. Seven months after the attack, seven days 
before death, thrombosis of the left coronary artery, large infarct 
W the apex and anterior wall of the left ventricle. 

(f) Oettinger, Fig. 6. Thrombosis of the anterior descending ramus. 


in our group (see Fig. 10f). This also showed occlusion of the anterior 
descending ramus post mortem. Also in the recent work of Freund- 


lich" we can recognize in Figs. 11 and 12 (see Fig. 9d) similar changes 


ms 
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in the QRS group. This tracing came from a case of severe angina 
pectoris three months after coronary closure. We are convinced that 
further examination of the literature would reveal still more cases of 
this sort. 

The second group, to which we shall now pass, is closely related to 
the first. The first two cases mark a direct transition. 


Case 8.—A forty-three-year-old official arrived on November 13, 1927, after a 
tiring motor trip to visit his wife in a sanatorium. On the way he had had a 
violent attack of stenocardia which had forced him to interrupt his trip and to 
rest for several hours in a hotel room. The physician who was called stated that 
the temperature was 36.5°, pulse 120 and small, cardiac dullness normal. The pain 
disappeared after medication. On November 15 x-ray examination showed the heart 
at the anterior axillary line, temperature 38.6°. Patient was admitted to the clinic 
on November 28. His father had died of a heart attack and one brother of heart 
disease. He smoked 20 cigarettes a day, used alcohol to excess, denied syphilis. 
Wassermann reaction was negative in the blood and spinal fluid. Heart dullness 
normal, scratchy systolic murmur at Erb’s point. On x-ray examination the shape of 
the heart was not characteristic, greatest transverse diameter 13.5 em. Blood 
pressure 105 mm. No pain. 

Electrocardiogram. Fig. 5¢ shows in Lead I a deep Q-wave followed by an R of 
the same height; T-wave shows bowing above the isoelectric line and is inverted. 
Leads II and IIT show small R- but deep S-waves; T, and T, not striking. QRS is 


of normal duration. 


Summary. Clinically this was certainly a case of coronary throm- 
bosis. Four weeks after the attack the electrocardiogram showed 
suspicious changes in the final complex in Lead I, and an initial 
complex with the main deflection downward in all leads. 


Case 9.—A fifty-four-year-old mason was taken sick in May, 1931, with anginal dis- 
tress. The individual attacks were of short duration, not very violent, repeated 
more than ten times in one day. After several days’ rest in bed he returned to work 
but experienced anginal pain on effort. On August 22, 1931, he noted edema for the 
first time. In September he had cardiac asthma that did not recur after digitalis. 
From then on he had permanent decompensation and attacks of angina. Blood cir- 
culation time (decholin method) 38 sec. (normal up to 16 see.). X-ray examination 
showed the heart to be dilated to both sides but without characteristic form. Faint 
heart sounds. Blood pressure 85 mm. Under constant observation, last seen in 
January, 1933. 

Electrocardiogram. Fig. 5d. The picture is very similar to that of the preceding 
case. Again there is a deep Q in Lead I and the chief deflection is downward in 
Leads II and III. The R-T segment is so uncharacteristic that from it alone the 
diagnosis of coronary thrombosis could not be made. Three months later, about 
eight months after the onset, the electrocardiogram was practically unchanged. 


Summary. Gradual development of myomalacia of the left ventricle. 
Following the attack and eight months later the initial complex of the 
electrocardiogram was directed downward in all leads. The final com- 


plex hardly suggested infarction. 


628 THE AMERICAN HEART JOURNAL 


Case 10.—Fifty-four-year-old working woman. Brief attacks of pain in the region 
of the heart commenced in February, 1932, became more frequent; and on March 30 
there was a very severe attack of pain and oppression. On April 10 a most intense 
attack associated with vomiting, fear of death, and cold sweat. Findings on April 13, 
patient in grave state of collapse without edema; left arm and side of chest felt 
warmer than the right, tenderness over areas supplied by the left trigeminal nerye 
and brachial plexus. Severe precordial pain which decreased after camphor given 
intravenously. On April 20 the patient, who had been progressing well, had an 
attack of auricular fibrillation which stopped spontaneously. After this, hemiplegia. 
Death on May 1. Autopsy: marked general arteriosclerosis, particularly of the 
cerebral, sacral and mesenteric vessels, thrombosis of the anterior descending ramus 
with resulting area of infarction measuring 8 x 5 em., involving the septum and 
anterior wall of the left ventricle, mural thrombus attached to the ventricular an- 
eurysm, localized adherent pericardium, embolism of right middle cerebral and renal 


arteries, infarct of spleen. 
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Fig. 11.—Case 10. 


Electrocardiograms. In Fig. 1la narrow excursion of all waves, small Q in Leads 
I and II. T, shows high take-off, is prolonged and convex in form. In Fig. 11) 
waves still smaller, small S in Leads II and III. In Fig. 1le auricular fibrillation 
with coarse fibrillary waves. In Fig. 11d sinus rhythm restored; R, and R, absent; 
initial complex downward in all leads. T-wave permits recognition of the insult 


only on closest inspection. 


Summary. Thrombosis of the anterior descending ramus with the 
formation of a large aneurysm of the ventricle. The initial complex, 
at first not characteristic, assumed a characteristic form after seven- 


teen days so that finally it was directed downward in all leads. 


Case 11.—A sixty-year-old business man. Dyspnea on effort since 1923, in 1929 
diabetes mellitus established; since the end of 1929 edema at the end of the 
day. In winter of 1930 massive edema; confined to bed since then. Admitted to the 


clinic March 30, 1932, with extreme decompensation, pulsus alternans, edema, con 
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gestive effusions. On examination feeble impulse in anterior axillary line, heart 
sounds almost inaudible, blood pressure 150/115 mm. Cor bovinum on x-ray examina- 


tion. A fair diuresis with novurit and ammonium chloride. Allowed to go home 


and died soon thereafter. 
Electrocardiogram. Fig. 12a. The initial complex shows slight notching in the 
first two leads, no R in Leads II and III, § relatively well defined in all leads. 
T-waves are almost isoelectric, suggesting poor compensation. Duration of QRS is 
0.09 see. P-R interval is 0.1 to 0.12, and there is no isoelectric line between P and R. 
A badly damaged heart, apparently as the result of 


Summary. 
The electrocardiogram failed to show the expected 


hypertension. 
left axis deviation, and the initial complex was directed downward 
in all leads. 

Case 12.—A seventy-four-year-old guide on March 19, 1932, while walking was 


seized with an attack of severe breathlessness and cough which disappeared after he 


ii 


Fig. 12.—(a) Case 11. 
(b) Case 12. Attack March 19, 1932; death January 10, 1933; large 
aneurysm of the anterior wall of the left ventricle. 
(c) Case 13. Attack October 19, 1932. 
(d) Case 14. Attack October 13, 1932. 


had stood still for a few minutes. That night he had a severe attack of dyspnea 
with violent anginal pain ‘‘as if his heart was being crushed with red hot pliers.’ 
The attack lasted three hours. After this he had orthopnea at night and in the 
middle of May edema. On June 6, 1932, he was admitted to the clinic in a state 
of severe decompensation. He was found to have a heart dilated to left and to right, 
without characteristic form, distant dull sounds without accentuation, blood pressure 


of 180/105 mm. emphysema, Wassermann reaction negative. Death occurred on 
January 10, 1933, apparently from cardiac insufficiency. Autopsy: high grade 


coronary sclerosis with marked stenosis of the anterior descending and circumflex 
branches of the left coronary artery, old aneurysm measuring 10x5 em. involving 
the septum and apex of the left ventricle, marked sclerosis of the aorta, chronic 
passive congestion. 

Electrocardiogram. Fig. 12b shows one of several electrocardiograms taken at 
various times. R-wave completely absent in Leads I and II, rudimentary in Lead 
III. S-wave present in all leads, notched in the second. In Lead I, 8 is followed by a 
small positive deflection that might be called R, in which case S might be described 
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us a deep Q. In any ease the principal deflection is downward in all leads. T, and 
T. are upright. T, is shallow and inverted but not characteristic. QRS is of normal 


duration. 


Summary. Badly decompensated heart with area of myomalacia 
three to eight months after acute coronary closure, narrowing of 
anterior descending and circumflex branches with aneurysm. The 
initial complex of the electrocardiogram directed downward in all 
leads, but apart from this no electrocardiographie evidence pointing 
to infaretion. 


CASE 13.—Forty-eight-year-old factory manager, formerly well, heavy cigarette 
smoker. On the evening of October 19, 1932, after straining at stool, had terrific 
attack of precordial pain which lasted one hour and was associated with sweating 
and fear of death. One week later nocturnal return of pain leaving him very weak 
for two or three days. Since then angina en effort and exhaustion on the least 
exertion, but comfort when at complete rest. On March 27, 1933, no abnormal find- 
ings on physical examination, blood pressure 125/70 mm. 

Electrocardiogram. Fig. 12c. At this time the patient was taking small doses 
of digitalis. The R-wave is apparent only as a small notched elevation in Lead I, 
absent in the other leads. S is low but definite in all leads, moderately splintered 
in Lead II, and grossly splintered in Lead III to form a W. QRS is of normal 
duration. The slight depression of S-T and T in Lead TI is not remarkable and may 


be the result of digitalis. 


Summary. From the clinical course a coronary thrombosis with see- 
ondary myomalacia is most probable. Electrocardiograms five months 
after the attack and later showed no characteristic changes in the final 
complexes. The initial complex shows, together with low voltage and 
notching without widening, a definite preponderance of the negative 
as compared with the positive waves. 


CASE 14.—Sixty-three-year-olu pensioner. For four years angina on effort and 
dyspnea while working. On the evening of October 13, 1932, after leaving the inn 
where he had consumed tivo liters of beer, he had violent cramplike pain in the 
epigastrium extending upward under the manubrium and lasting twelve hours. 
The next day he walked to the office of his physician, who found that the blood 
pressure which formerly measured 160 mm. had dropped to 95 mm. On the way home 
another attack of pain prevented him from continuing on foot. He got up after 
a week in bed, but felt very weak and was short of breath on slight exertion. On 
December 1, while returning from a visit to his physician, he had a severe attack 
of eardiae asthma in which he was brought to the clinic. Family history not re- 
markable. He did not smoke more than 12 cigarettes, denied syphilis. Examination 
showed a heart enlarged to the left, feeble sounds and definite gallop at the apex, 
blood pressure 115 mm., temperature normal, leucocytes 14,000, aortic configuration 
of heart on x-ray examination and on the left border a bulging which showed slight 
pulsation (aneurysm). 

Electrocardiograms of November 17, December 1, 2, and 4, were practically 
identical and showed (Fig. 12d) sinus rhythm, normal P and P-Q, QRS duration 
of 0.13 see. The principal deflection is downward in all leads, initial complex very 
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low and somewhat notched in Lead I; in Leads il and IIL a moderately deep S- 
wave with definite notching of the up-stroke. The S-T segment is somewhat above the 
isoelectric level in Leads I and LI, but this is significant only in Lead I, since T is 
inverted in this lead. In Lead IIT there is some change in the S-T segment as S 
fails to reach the isoelectric line, a change often associated with bundle-branch 


block. 


Fig. 13.—From Levine, Figs. 32, 36, 44b, 44e, 40a, 40h. 

(a) Attack December, 1927; autopsy, thrombosis of anterior descending 
ramus. (0b) Attack June 21, 1924, recovery. (c) (d) Attack Feb- 
ruary 4, 1926, recovery, persistence of Type bi-3 for a long time. 
(e) (f) Attack June 17, 1924; autopsy, thrombosis of anterior de- 
scending ramus, aneurysm of heart wall. Gradual appearance of 
Type bi-s. 


Summary. Clinically and roentgenologically there is little doubt 
that this was a case of coronary thrombosis with a large aneurysm of 
the left ventricle. Electrocardiograms, five to seven weeks after the 
attack, showed a severe disturbance of intraventricular conduction 


4 
ACT 
ap 3 WSS 
& = 
T 
= = p= 
| 


632 THE AMERICAN HEART JOURNAL 


and a preponderance of all the negative waves of the QRS group, but 
in the final complex only a suggestion of the changes associated with 
coronary thrombosis. 


We ean also add to this group several examples from the literature, 
Fig. 13 is a reproduction from Levine’s monograph. In all four eases 
there was unquestionable coronary thrombosis which in the cases repre- 
sented by Fig. 13 a and c was found at autopsy to involve the anterior 
descending ramus. Of particular interest is Case 13 ¢, d which, eleven 
days after the insult (c) still showed typical left axis deviation, while 
the characteristic changes did not appear until one month after the 
insult nor did they show complete development for two months more. 


Fig. 14.—(a, b) Case 14. Before and after the second attack on December 24. 
(a) With Boulitte’s string galvanometer, (b) with the Sieman’s oscillo- 
graphic machine. 
(c, d@) From Cooksey and Freund, Fig. 4a and f. Three weeks after the 
first attack and forty-eight hours after the second (see text). 
Smith” in his paper shows a striking case in which one month after 
coronary closure the initial complex was directed downward in all 
three leads. (See Fig. 4b of Smith’s article.) 

In its final picture the last group is less sharply defined than either 
of the foregoing. It is noteworthy, however, for the fact that changes 
in the preexisting electrocardiogram appear suddenly, almost without 
transitional steps, following the coronary closure. 

Case 15.—A sixty-five-year-old retired official who had suffered from steno- 
cardial oppression for a long time was admitted to the clinic on December 25, 1932, 
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in a state of collapse with severe dyspnea. For a time he complained of painful 
sense of pressure in his chest which interfered with breathing. He had no edema, 
some cyanosis, respirations thirty with a suggestion of periodic character. Other 
physical findings negative except for faint heart sounds, blood pressure 125/80 mm. 
Wassermann reaction negative. After strophanthin and hexeton intravenously he 
had relief from pain and dyspnea. Still his condition remained grave, and on 
December 31, twenty minutes after the injection of strophanthin, 50 mg., he became 
intensely cyanotic, stopped breathing and died. Autopsy: marked sclerosis of the 
arteries at the base of the brain and of the coronary and abdominal vessels; 
thrombosis in its middle third of the circumflex branch of the left coronary; almost 
complete closure in the upper and complete closure in the middle third of the 
anterior descending branch; scar, measuring 4x5 em., on the posterior wall of the 
left ventricle and recent softening of the lower third of the anterior wall, the 
apex, and the lower part of the septum extending to the lower part of the right 
ventricle; mural thrombus attached to the infarcted area; thrombi in the _ peri- 
prostatic plexus, thrombosis of the spleen, recent portal thrombosis; embolism to 
pulmonary artery supplying right upper lobe; chronic passive congestion; hyper- 
trophy of right ventricle. 

Electrocardiograms. Fig. 14a is a record taken two months before death, ap- 
parently after the first attack involving the circumflex ramus and before the second 
attack involving the anterior descending ramus. These records were taken with 
Boulitte’s string galvanometer, and we are indebted to Dr. E. Weitels for his 
courtesy in allowing us to reproduce them. The tracing shows typical left axis 
deviation with large excursions. In Lead I there is a suggestion of a Q-wave, while 
Q is definite in Lead II. Since 8S, is preceded by no R, it would be interpreted 
as a deep Q-wave according to Pardee. The terminal portion of R, and R, shows 
splintering. QRS width is normal. R-T interval is below isoelectric level in Lead 
I, above it in Lead III. Still from our own experience we would prefer not to 
consider this record indicative of recent coronary thrombosis but to compare it with 
Fig. 1 as an expression of left axis deviation. Rather it seems to us that the ap- 
pearance of Q, indicates old infarction on the posterior wall of the heart. Fig. 14) 
is a record taken with the oscillometer three days before death. It shows fundamental 
changes in all leads. The high waves have been replaced by deflections of very low 
voltage. Q, and Q, persist. The rudimentary R, still shows the terminal splintering ; 
R, has likewise almost disappeared, but its terminal part retains the same form. In 
Lead III the deep S or Q is replaced by a little W. R-T in Lead I now shows 
definite elevation above the isoelectric level, while S-T is depressed in the third 
lead. 

Summary. Old thrombosis of the ecireumflex and recent thrombosis 
of the anterior descending ramus with localized areas of malacia. While 
the electrocardiogram before the second attack showed left axis devia- 
tion with high voltage, after the closure of the anterior descending 
ramus a marked reduction of all waves gave the picture of low voltage. 
Certain portions of the curve remained unaltered. 

We find a similar case in Levine’s paper. In Fig. 29, taken three 
days after closure, there is marked left axis deviation. From the 
fourth to the eighth day this yields to low voltage through a lowering 
of R,, R,, and S,. The form of the waves is retained. On the tenth 
day the original form reappears. This differs from our ease in that 
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there is certainly a disturbance of intraventricular conduction (ae- 
cording to Levine in the right branch?). Then on the seventh day 
the small and normal complexes alternated, according to either a 
lengthening of the recovery time (normal waves) or a shortening of 
conduction (small waves). In the same group belongs a case described 
by Cooksey and Freund” which at autopsy showed an old, partially 
canalized thrombus of the right coronary artery and a recent closure 
of the anterior descending ramus with a large infaret of the anterior 
wall of the left ventricle (Fig. 14 ¢ and d). 


COMMENT 


If we assemble the essential facts of the three groups, we find the 
In the first group are reported 7 of our own cases 


following results. 
In all which came to autopsy the 


and 19 cases from the literature. 
diagnosis of coronary closure was verified, invariably affecting the 
left ventricle and, where noted, the anterior descending ramus. The 
diagnosis in those cases which did not come to autopsy was established 
on clinical and electrocardiographic evidence. The characteristic com- 
mon to all is the change in the initial complex of the electrocardio- 
gram. In Lead I there is a small R-wave, while S is absent or rudi- 
mentary, and Q may be present or absent. Leads II and III are dom- 
inated by a deep S-wave which is greater than any of the other waves 
of any lead. The preexisting electrocardiogram usually showed left 
axis deviation. The changes may appear immediately or some time 
after the attack, may persist or disappear, usually last longer than 
do the changes of the final complex. We shall indicate the changes 
of this group by the abbreviation ‘‘aBB,’’ by which we mean that a 
is an upward and B a downward deflection of the initial complex and 
that a is a small and A, a large deflection. 

The second group, which for convenience we shall indicate as D,_,, 
includes seven of our own and five cases from the literature. Two of 
the former and four of the latter cases were verified post mortem, and 
in the others severe myomalacia was recognized clinically. In the 
autopsied cases the anterior descending ramus and the region supplied 
by it were invariably affected. In this group the electrocardiogram 
is characterized by the negativity of the principal deflections in all 
leads. Usually, too, the waves are smaller than normal. The main 
deflection may be aQ or an S. In the observed cases the electrocardio- 
graphic changes appeared only after an interval and persisted. In 
Levine’s Case 44 the R, became greater than S, nine months after 
the attack. 

The third group is made up of one case which we verified at autopsy 
and two cases from the literature. The two cases which were ex- 
amined post mortem showed old thrombosis,—onee of the right, once 
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of the circumflex branch of the left coronary artery—and a recent 
elosure of the anterior descending ramus with resulting infarction. 
The electrocardiographie changes first appeared after the second 
closure. Before this attack the electrocardiogram showed left axis 
deviation with high waves; immediately after this attack there was a 
prompt decrease in the size of the principal waves in all leads, while 
smaller deflections retained their characteristic form. The result 
of these changes is an electrocardiogram with low, slurred and notched 
waves similar to that described by Oppenheimer and Rothschild’ as 
indicating arborization block. A real widening of the QRS group was 
found only in Levine’s ease (see Fig. 29 of his monograph) where 
there was evidence of definite interference with intraventricular con- 
duction. In this case the electrocardiographic changes persisted for 
afew days only; in the other cases they lasted to death, which occurred 
rather promptly. The characteristic of this group is not so much the 
electrocardiographie picture after the insult as the promptness with 
which successive changes appear. These cases will escape observa- 
tion if they are not followed closely as the changes develop. 


DISCUSSION 


Practically the most important question is whether the changes are 
pathognomonic so that on their appearance alone one is warranted in 
The 
close association between the changes in the ventricular complexes, the 
time of infarction and the autopsy findings makes it appear certain 
not 


making a diagnosis of coronary closure and infaretion of the heart. 


that the changes in the initial complex are the result of, and 
merely coincidental with, the myocardial changes. Still it is not cer- 
tain that similar electrocardiographie changes might not occur in other 
conditions. This possibility cannot be excluded for the end-picture 
of the third group, for this picture is not sufficiently clear eut. For 
the pictures of groups one and two we ean say, on the basis of clinical 
experience which is founded on the examination of over 10,000 electro- 
cardiograms at the First Medical German Clinic, that they are cer- 
tainly uncommon; indeed those of group two (b,_,) are distinetly rare. 
Particularly in oscillograph electrocardiograms, the appearance of 
pronounced S-waves is definitely abnormal. In cases of ordinary left 
or right axis deviation the appearance of S-waves in all leads does not 
occur. To secure objective evidence on this matter we looked through 
1,460 electrocardiograms from different individuals chosen at random 
from our files and for the most part derived from patients with ab- 
normal hearts. We examined these tracings to select those which 
showed the following features: (1) electrocardiograms in which §S, 
and S, were greater than the R-wave of any lead in which R, was 
greater than §8,, and (2) electrocardiograms in which the principal 
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deflection was downward in all leads, regardless of whether this de- 
flection was an S or a Q. Of the first group we found 19 eases (13 
per cent) of which four are included in this report; five others prob- 
ably had myocardial infarct ; two lacked clinical data; and seven gave 
no evidence for a diagnosis of infarction of the heart. Yet it must be 
noted that of the seven apparently contradictory cases six differed 
from our Type abB in that they showed very low voltage, with S, and 
S, smaller than 6 mm. Of the second group we collected eight cases 
(0.55 per cent) of which four are considered in this study, and two 
cthers are suggestive of myocardial infarct; one case lacks clinical 
data and only one case (congenital anomaly) seems contradictory, 
Cases of third degree automatism were not included. From these re- 
sults we conclude that the appearance of an electrocardiogram of Type 
aBB or of Type b,_, is strongly suggestive, if not absolutely pathog- 
nomonie, of myocardial infarct. The same indeed may be said for the 
‘‘ecoronary T-wave’’; the sharply inverted T and the plateau T may 
be found in other conditions. Increase in the size of Q, can be inter- 
preted only with reservations. While, according to Freundlich," the 
‘‘coronary Q-wave’’ is always associated with changes in the final 
complex, the changes in the initial complex which we have described 
are independent of other electrocardiographie findings, a fact which 
enhances their clinical value. Levine noted that the cases reproduced 
in our Fig. 8 c and d showed nothing unusual. Also we find the initial 
complex to be the only evidence pointing to infarction in Figs. 6a 
and 12a. It seems probable that more attention directed to the initial 


complex will reduce the number of cases hitherto classed as silent cor- 
onary thrombosis. The changes which we have described resemble the 
other recognized electrocardiographie criteria for the diagnosis of 
coronary thrombosis in significance but not in frequency. 

It is not clear why only a fraction of the cases of true coronary 
thrombosis shows the changes described in the QRS complex. Two 
possibilities must be considered. In the first place it is only natural 
that the form of the electrocardiogram before the insult should in- 
fluence its further development. In most of the cases cited the pre- 
existing electrocardiogram showed left axis deviation with fairly high 
waves as nearly as can be determined. How the QRS changes would 
manifest themselves if, before the insult, there was right axis deviation 
or some other type of record, must be determined by further studies. 
Exceptionally, however, changes of Type abB or b,_, may appear 
without earlier left preponderance, as Fig. 11 shows. 

The second factor which influences the appearance or absence of 
changes in the initial complex is the localization and extent of the 
infaret. It cannot be an accident that all the autopsy protocols showed 
evidence of infarction of the left ventricle, usually with extensive 
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myomalacia in the area supplied by the anterior descending ramus. 
One might object that this localization is the most common one, not 
only in the cases cited here, but generally. However, if one accepts 
the statement of Levine, who has most data on this point, that 85 per 
cent of the cases of coronary thrombosis involve the anterior descend- 
ing ramus, one would expect from the number of our cases that now 
and again the thrombosis would have a different site. This is not the 
ease in either group one or group two, whereas in both the autopsied 
eases of group three there was double thrombosis. On other grounds 
it appears to us not improbable that different anatomical processes 
underlie the first two and the third groups. But this argument is not 
sufficient to explain the absence of the changes in the initial complex 
in a series of cases. Fig. 7 of Levine’s monograph shows clear left 
axis deviation which remained until death in spite of the fact that 
autopsy showed an extensive infarct of the anterior wall of the left 
ventricle. 

In an attempt to explain the mechanism underlying the formation 
of changes in the initial complex after cardiac infarction, we are 
aware that we enter upon the uncertain territory of theory. We 
can with certainty exclude the possibility that extracardiae factors, 
such as change in the position of the heart or altered peripheral re- 
sistance, have anything to do with the process. There remain therefore 
only two other possibilities. Either the changes are the expression 
of a definite disturbance of intraventricular conduction, or they are 
the reflection of a change in the dynamie balance of the two halves 
of the heart. 

1. Theory of disturbance of conduction. Certainly neither the elee- 
trocardiogram of Type aBB nor that of Type b,_, corresponds with 
the familiar picture of arborization or bundle-branch block. At first 
glance it might seem that Type aBB could be considered as a modifica- 
tion of the usual form of bundle-branch block (so-called right bundle- 
branch block). The assumption of a block situated so high is ineom- 
patible with the anatomical localization; since usually it is only the 
lowest part of the intraventricular septum which is involved in the 
necrosis. For the acceptance of intraventricular or bundle-branch 
block one requires a delay in intraventricular conduction time, and 
for a disturbance of both branches one must have a prolongation of 
the P-R interval. Such a condition was present only once in all our 
material. As to the increased duration of QRS as the expression of 
a delay in the spread of the excitatory process through the ventricles, 
the following table shows the results found in our eases. In Table I 
is shown the greatest duration of the initial complex in any one of the 


three usual leads. 
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TABLE I 
THE GREATEST WIpTH OF THE INITIAL COMPLEX IN ANY LEAD OF THE 
ELECTROCARDIOGRA M 
BEFORE ONSET 
CASE OF QRS 
CHANGES 


DURING PERLOD AFTER 
OF CHANGES RECOVERY 
Type aBB 
O.105 0.12 


Case 
2 0.10 
3 0.12 0.115 
4 - 0.09 0.08 
5 0.095 0.095 
6 _ 0.12 
7 0.08 
Levine, 1 0.10 
Pe) 0.06 0.08 
17 _ 0.10 
30 . 0.095 
43 _ 0.095 
76 0.10 
77 - 0.115 
Dressler 0.10 


Freundlich, 0.09 


12 0.095 
Mahaim 0.10 
Condorelli . 0.10 
Oettinger 0.08 0.10 
Type bi 
Case 8 0.08 
9 0.09 
10 0.07 0.07 
11 . 0.09 
12 - 0.09 
13 0.08 
14 0.115 
Levine, 36 - 0.075 
44 0.085 
Type (1-3 
Case 15° 0.12 0.10 
Levine, 29 0.10 0.13 0.10 
0.08 


Cooksey O.i1 


Two things must be considered in interpreting these figures. It is 
possible that the widening of the initial complex is dependent on a 
preexisting and unrelated bundle-branch disturbance, as in Cases 3 
and 15 in which before the onset of the coronary thrombosis the initial 
complex was widened to a duration of 0.12 see. On the other hand, 
the degree of widening of the QRS complexes which is found in Table 
I is not definite proof of interruption of the path of conduction through 
a bundle branch, for we may find such slight change in cases of marked 
hypertrophy.’* If, in our series of 31 eases, we find the duration of 
QRS to be less than 0.1 see. in sixteen cases, just 0.1 see. in nine, and 
more than 0.1 in seven, we are certainly not justified in drawing any 
conclusions as to the importance of widening of QRS as one of the 
criteria of the changes in the initial complex or as to the existence 
of a disturbance of conduction in all these cases. 
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Histological studies of the conducting fibers of appropriate cases 
would be of help in solving the problem. Unfortunately we did not 
make serial sections of our cases, nor does Levine’s material have this 
information. Only in Mahaim’s* case were there satisfactory his- 
tological studies. As a matter of fact examination of his case (see our 
Fig. 10d) showed complete interruption of the right branch and partial 
destruction of the left. He attributed the electrocardiographie changes 
to this lesion of the conducting system. We do not feel that we can 
draw final conclusions from this isolated case, especially as the P-R 
interval was normal as opposed to the histological picture. 

Regarding the great difficulty in making, and the caution required in interpreting, 
histological studies of the heart, we refer to the judgment of such experienced in- 
iven regarding the laborious and precise studies of Mahaim 


vestigators as Lewis.19 E 
some doubt arises. In the case in question the cause of the infarct is given as a 
septic embolism occurring in the presence of open foramen ovale, which seems in- 
compatible with the history of increasing decompensation for one vear as well as 
with the macroscopic picture of the usual ventricular aneurysm with adherent peri- 
eardium but no evidence of infection. Elsewhere in Mahaim’s work doubt arises 
over the agreement of histological findings with incorrect electrocardiographic 
diagnoses. Thus on page 169 in a case of ventricular rhythm in complete block he 
interprets the form of the beats arising in the ventricle to a coexisting bundle-branch 
block which seems quite unlikely. Moreover, the histological picture is opposed to the 
diagnosis of bundle-branch block. In Fig. 30 (p. 120) he shows an illustration of 
complete block in which the auricular rate is somewhat less than twice the ventricular 


rate and calls it ‘‘Type II, 2:1 rhythm’’ which is quite erroneous. 


One must wait for further evidence before interpreting Type aBb 
as a special form of intraventricular block. This interpretation is 
still less probable as applied to Type b,_;, for we find that eight of 
the nine reported cases have a QRS duration which is normal. The 
possibility of disturbance of conduction in the terminal ramifications 
of the right bundle cannot be affirmed or denied sinee we know little 
of this condition in animals and nothing of it in man. Wilson and 
Herrmann,”’ on the bases of experiments with dogs, doubt that lesions 
of the terminal ramifications lead to substantial electrocardiographic 
changes. 

2. Theory of disturbed muscular balance. This rests on the assump- 
tion that the mass of muscle which is cut off from the cireulation by 
the closure of a vessel no longer gives rise to a process of electrical 
activity. This must lead to a change in the dynamic relation between 
the right and the left sides of the heart and to a distortion of the 
original ventricular complexes. It is easy to understand that an infaret 
of the left ventricle would lead not only to a decrease in the left axis 
deviation, but also to unusual modifications of the waves, for it is only 
a part of the left ventricle which is cut out; the potential of the re- 
maining part is not disturbed. The fact that the appearance of the 


changes which we described in the initial complex was linked with a 
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large infarct supports this interpretation. It is more difficult to under- 
stand why in some cases the changes in the initial complex following 
coronary closure may be delayed considerably, and in a few cases they 
are reversible. We must remember that the development of necrosis 
is not always acute, nor is the process in the vessels always linked 
with the acute syndrome of coronary occlusion. Again there may be 
some return of circulation in the affected area either through a eol- 
lateral circulation or through canalization, particularly when the gen- 
eral circulation improves with a rise of pressure in the aorta. The 
autopsy findings in the third group of cases fit in with this idea, for 
here the electrocardiogram showed simple decrease in the waves, while 
a double thrombosis had cut out a large part of the two sides of the 
heart. Our interpretation fits in with the opinion expressed by Hahn”! 
who in the ease of a patient with a history of hypertension saw the axis 
deviation change from left to right after the second infarct, and who 
expressed the possibility that this was a result of change in the dy- 
namie equilibrium following the infarct. 

It would be pleasant to try to determine in the case of Type aBB 
and especially in the case of Type b,_, how the electrical axis changes 
in the individual phases of the electrocardiogram with the appearance 
of changes in the initial complex. Apart from the fact that very re- 
cently serious objections have been raised to the older methods of 
determining axis deviation, our apparatus is, unfortunately, not set up 
to register two simultaneous tracings. 

SUMMARY 

Fifteen personal cases and 26 from the literature are reported, in 
which characteristic changes appeared in the initial complex follow- 
ing a coronary closure. These changes appeared immediately or some 
time after the insult, and remained definite or regressed. 

The changes may be classed in three groups. In the first, one finds 
a modified form of left axis deviation with small R, and deep §8, and 
S,. The characteristic of group two is the negativity of the principal 
deflection of all leads, whether this be S or Q. The third group is 
recognized by the shrinking of all the main waves while smaller de- 
flections may persist unchanged. 

The anatomical basis for the first two groups is an extensive necrosis 
of the anterior heart wall; for the third group it is necrosis of anterior 
and posterior walls as a result of two thromboses. Controlled by a 
series of 1,460 electrocardiograms chosen at random, these changes 
were found to be not pathognomonic, but most suggestive of the pres- 
ence of infarct of the heart. They occur less frequently than do the 
hitherto recognized signs of coronary thrombosis, but they may be 
present in those cases in which there are no characteristic changes in 
the final complex. 


| 
| 
| 
| 
| 
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As the interpretation of the QRS changes, a disturbance of the mus- 
cular balance of the two sides of the heart caused by the cutting out 
of a large mass of muscle is brought forward, but the possibility re- 
mains that for each group there is a localized disturbance of intra- 
ventricular conduction. 

Later Note. While we were writing our paper, a work by Wilson, 
MeLeod, Barker, Johnston and Klostermeyer (Heart 16: 155, June 
1933) first came to our attention, at a time when our observations 
were already complete. These writers also studied changes in the 
QRS complex after coronary thrombosis and listed two types which 
they indicated as Type Q, and Type Q,. The first of these has in 
addition to Q, a very small R, and a deep 8, and S,. Thus in Figs. 
1, 2, 4 and 8 we recognize our Type aBB, in Figs. 2, 5 and 19 our Type 
b,; Our third type is also shown twice, once with sure signs of in- 
traventricular block, and onee without this. The autopsy findings 
correspond to those of our cases. The authors place most emphasis 
cn the Q changes but must add that the Q, type may oceur without 
Q, as the single illustration evidences. The Q, type has nothing to do 
with the cases which we have described and at present seems to us 
not very characteristic. Concerning the relation between the electro- 
eardiographie picture and the site and extent of the infarction, we feel 
that the authors are too cautious. Also they incline to the view that 
the changes in the initial complex are an expression of the cutting out 
of the infarcted part of the muscle. 
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THE DURATION OF THE QRS COMPLEX IN THE NORMAL 
AND IN THE ABNORMAL ELECTROCARDIOGRAM 


A Stupy or 500 Cases, Witn A NoTE oN NOMENCLATURE* fi} 


SYLVESTER McGinn, M.D., AND Paut D. Wuire, M.D. 
Boston, Mass. 


A SURVEY of the literature has failed to reveal sufficient statistical 
data to establish durations for the QRS complexes of the normal 
human electrocardiogram at all ages, although 0.1 second as the upper 
limit has been set by common experience. The question has recently been 
asked whether or not this figure is higher than it should be. Hence we 
have made accurate measurements of the duration of the initial ventrieu- 
lar complexes in all leads in a series of 500 individuals, of whom 150 were 
normal and 350 had heart disease. In connection with this study several 
points of related interest have come to our attention. 


LITERATURE 


(a) Normal Individuals. A number of the standards employed in 
reading electrocardiograms originated in the earliest days of electro- 
sardiography from the work of Lewis and Gilder* which consisted of 
an analysis of the tracings of 52 normal males between the ages of 
eighteen and thirty-five vears. The duration of the QRS complex was 
not considered at that time; but in a subsequent study by Lewis, among 
other determinations, the average duration of this complex for eight 
normal individuals was estimated to be 0.0784 second. In his book, The 
Mechanism and Graphic Registration of the Heart Beat, Lewis’ states 
in referring to the QRS group of deflections, ‘‘This group of deflections 
has a total duration of no more than 9.1 of a second, and usually con- 
stitutes less than one-third of the full ventricular complex.’’ Again in 
another passage he says, ‘‘the QRS group of the normal human electro- 
-ardiogram lasts 0.08 of a second in the average.’’ Ferguson and O’Con- 
nell? reported that in the electrocardiograms of 1,812 young men without 
symptoms referable to the heart only two had QRS durations of over 0.10 
second. Jensen, Smith, and Cartwright* found the duration of the QRS 
complexes to be between 0.06 and 0.08 second in a majority of 50 patients 
between the ages of fifty and sixty-five years. 

*From the Cardiac Clinics and Electrocardiographic Laboratory of the Massa- 
chusetts General Hospital. 

+Presented by title before the American Society for Clinical Investigation, Atlantic 
City, May 2, 1932. 

tThe tables will be published in the reprints of this article. A copy of the reprint 
may be obtained by writing to the authors. 
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The electrocardiograms of normal children have been studied more 


extensively than those of adults. Seham’® in his section devoted to 


electrocardiography in Abt’s Pediatrics gives the duration of the QRS 
complex as 0.036 second in normal infants eleven days to one year of 
age; 0.049 second in children one to five years of age; and 0.069 second 
in the later years of childhood. Lincoln and Nicolson® found the average 
duration of the QRS complex to be 0.06 second as observed in the electro- 


eardiograms of 222 normal school children between the ages of three 


and twelve years. 

(b) Patients With Heart Disease. Lewis® has reported measurements 
of the duration of the QRS complex in a few abnormal electrocardio- 
grams. It was found to average 0.1005 in six curves with ‘‘left ventrie- 
ular preponderance’’ and 0.0788 in six having right axis deviation con- 
sequent to mitral stenosis. He believed that the reasons for this dif- 
ference are that there is a greater increase in the total muscle mass in 
left ventricular hypertrophy and that the end phases of the complex 
represent the spread of the waves in the left ventricular wall. Fahr'! 
found that the QRS complexes of electrocardiograms of pure left ven- 
tricular enlargement were more prolonged than were those in normal 
eurves and measured from 0.10 to 0.12 seeond. He attributed this 
prolongation to the increased length of the conduction path in the hyper- 
trophied muscle through which the impulse must travel. 

Wilson and Herrmann" have considered that a relationship exists be- 
tween the duration of the QRS complex and the ventricular weight, but 
that when the measurement exceeds 0.10 second, some factor other than 
hypertrophy of the muscle is responsible, such as defects in the intra- 


ventricular conducting system. 
PRESENT STUDY 


We have studied a series of 500 electrocardiograms in which the QRS 
complexes of all three classical leads have been measured by means of 
the Lueas comparator. We have included in this series the tracings of 
100 normal adults, 50 male and 50 female, and of 50 normal ehildren 
twelve years of age and under. These individuals have been examined 
by us and have shown no evidence of cardiae disease. The remaining 
390 electrocardiograms are representative of various cardiae disturbances 
and consist of 100 having abnormal left axis deviation, 50 of which have 
upright T-waves in Lead I, and 50 inverted T-waves in Lead I; 50 with 
abnormal right axis deviation ; 50 with normal T-waves but from patients 
having heart disease, 50 with abnormal T-waves from patients having 
heart disease ; 50 with intraventricular block of lesser grades; 30 with 
bundle-branch block, of which 20 show left axis deviation and 10 right 
axis deviation ; and 20 eases of premature beats, of which 10 are of ven- 
tricular origin and 10 of auricular origin. The ectopic complexes show 
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right axis deviation in 5 of the electrocardiograms with ventricular pre- 
mature beats and in the other 5 left axis deviation. Of the 10 tracings 
having auricular premature beats the abnormal P-waves are followed 
by normally shaped ventricular responses in 5 and by some degree of 
aberration of the ventricular responses in the other five. 

Our procedure has been to measure three QRS complexes in each of 
the three leads by means of the Lucas comparator. The average dura- 
tion of the complexes of each separate lead was estimated, and the largest 
of the three figures was taken as representing the maximum duration 
of the ventricular complex for that electrocardiogram. Simultaneous 
records in which Leads I and II and Leads IIT and I were taken to- 
gether form a part of the total 500 tracings. All the clectroecardiograms 
were standardized (one millivolt equals one centimeter) and none show- 
ing instrumental artefacts, such as overshooting, were ineluded in the 
study. 

The Lueas comparator has been described in detail by Lewis. It 
includes a microscope at each end of a movable bar, one of which is 
directed on the electrocardiogram and the other on a seale so graduated 
that readings are possible to one-hundredth of a millimeter. The compu- 
tation of the measurements includes corrections for variance in the time 
marker by using percentages which automatically check themselves. The 
figures are translated into time relations so that the final answer as to 
the duration of the QRS complex ts given in fractions of a second. 

Lewis found that the possible error for this type of calculation in 
measuring R-R intervals was 0.0234 second for the maximum, but that 
the greatest variation more closely approached the minimum possible 
error of 0.0028 second. To insure as much accuracy as possible the 
measurements of 250 of our series of 500 electrocardiographie records 
were remeasured and compared with the first readings. The difference 
with very few exceptions amounted to only a few hundredths of a 
millimeter and depended upon the determination of the end points by 
two individuals. 

FINDINGS 


Normal Adults. The average duration of the QRS complex in the 
electrocardiograms of our series of 100 normal adults of all ages (see 
tables in reprints) was 0.0777 second. Half this group of patients were 
males who had an average duration of the QRS deflection of 0.0833 
second; 66 per cent of these males had a QRS duration longer than 
0.0800 second. The 50 females had shorter duration times of the QRS 
complex than did the males. The average for this group was 0.0722 
second with only 20 per cent over 0.0800 second. The width of the QRS 
waves had no consistent relationship to the ages of these 100 normal 
adults, to their pulse rates, or to the amplitudes of their ventricular 
complexes. Of the 50 normal male patients 11 were tall in stature, 10 
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of whom had QRS complexes wider than 0.0833 second, the average for 
the group. One tall patient was included in the group of 50 normal 
females, and she had a duration time of 0.0782 second. The widths of 
the QRS complexes in patients considered to be overweight were below 
the average for the group as frequently as they were above it. 

The longest QRS times were most frequently observed in Lead III; 
this was true in 44 tracings. The duration of the QRS complex was 
the most prolonged in Lead IT in 37 electrocardiograms and in Lead 1 
in 19 instances. In the electrocardiograms of 16 of the normal adults, 
Leads I and II and Leads III and I were taken simultaneously; the 
widest QRS wave was found in Lead III in 9 of these individuals. 


A B Cc 


Fig. 1.—Electrocardiograms of normal individuals. A, Common type with the 
usual QRS complex; B, widening of the QRS in Lead III due to an upright S-wave 
(Leads I and II recorded simultaneously) ; C, widening of the QRS due to notching in 
Leads II and III (Leads I and II recorded simultaneously) ; the voltage of the QRS 
waves in this record is rather low. 

Leads I, II, and III are shown in order in these records and in those of the figures 
to follow. Time interval 0.2 second. Amplitude 1 mm. 10-* volt. 


In 18 of the 100 normal adults’ electrocardicgrams the QRS duration 
was more than 0.0900 second. The majority of these records showed 
individual variations in the ventricular complexes that accounted for 
the prolongation. Slurring of the descending limb of the R-wave and 
notching of the QRS in Lead III were found frequently. Three of 
these 18 tracings had a duration of the QRS wave greater than 0.100 
second; 2 of these 3 had in Lead III low voltage and considerable notch- 
ing of the ventricular complexes. An ‘‘upright S-wave’’ superimposed 
on the descending limb of the R-wave in Lead III was found in three 
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tracings and an ‘‘upright Q-wave’’ was found interrupting the ascend. 
ing phase of the R-wave in Lead I in another electrocardiogram, 

Normal Children. The electrocardiograms of 50 normal children 
twelve years of age and under were studied to determine the duration 
of the QRS complex in childhood. It was found to average 0.0719 gee. 
ond, very closely approximating the average measurement found in the 
50 normal females and somewhat longer than has been previously re- 
ported for children. There were 26 boys and 24 girls in this series, the 
former tending to have slightly wider QRS complexes than the latter. 
Of 28 eases in which the duration of the ventricular complex was more 
than 0.0700 second, 18 were boys. The youngest children were included 
in the group whose tracings showed the QRS duration to be 0.0700 see- 
ond or less, the average age being 7.4 years as compared with 8.3 years 
for the group with QRS durations longer than 0.0700 second. The ages 
of the children were as follows: two years 4 children, three years 1, 
four years 1, five years 2, six years 8, seven years 4, eight years 5, nine 
years 7, ten years 7, eleven years 6, and twelve years 5. 


ABNORMAL CASES 


Abnormal Left and Right Axis Deviation. The duration of the QRS 
complex was determined in 100 electrocardiograms having an abnormal 
degree of left axis deviation; 50 of these had upright T-waves in Lead I 
and the other 50 inverted T-waves in Lead I. In the 50 eases with 
upright T-waves in Lead I the QRS wave had an average duration of 
0.0889 second; Lead III was completely inverted in 14 of these eases 
(in 8 of these the QRS wave duration exceeded the average for the 
group of 50). The electrocardiograms of this first group of 50 eases 
were obtained from 30 males and 20 females; of the latter only 4 had 
QRS complex durations greater than the genéral average of 0.0889 see- 
ond for the 50 eases. The maximum duration of the ventricular com- 
plex was found in Lead III 19 times, in Lead IT 17 times, and in Lead I 
14 times. There were 36 tracings with simultaneous records of Leads I 
and II and of Leads III and I. In these special films the QRS complex 
was widest in Lead III fifteen times and in Leads ITI and I twelve and nine 
times respectively. 

The average duration of the QRS wave in the 50 eases having an 
abnormal degree of left axis deviation and an inverted T-wave in Lead I 
was 0.0985 second. Lead III was completely inverted in 6 of these 50 
electrocardiograms, of which number 2 had QRS waves wider than 
the average for the group. There were tracings from 36 male patients 
and 14 female patients. Nine of the female patients had QRS waves 
wider than 0.0985 second which was the average for these 50 patients. 
The widest QRS wave was recorded in Lead III in 21 instances, in Lead 
II in 11, and in Lead I in 18. There were 20 electrocardiograms in 


MC GINN AND WHITE: DURATION OF QRS COMPLEX 647 


which two leads were taken simultaneously, and it was shown that the 
widest QRS wave appeared seven times in Leads II and III respectively 
and 6 times in Lead I. 

Fifty electrocardiograms having an abnormal degree of right axis 
deviation were measured, and in these the average duration of the QRS 
complex was found to be 0.0870 second. Equal numbers of males and 
females were represented in this series and were evenly distributed in 
relation to the average duration of the QRS wave for the group. The 
widest QRS complex was found 23 times each in Leads IT and IIT and 
only 4 times in Lead I. In 18 electroeardiograms with leads taken simul- 
taneously, the greatest duration of the QRS complex was found in Lead 
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Fig. 2.—Electrocardiograms with abnormal axis deviation. A, Left axis deviation 
with upright T-wave in Lead I (Leads I and II recorded simultaneously); B, left 
axis deviation with inverted T-wave in Lead I (Leads I and II recorded simul- 
taneously) ; C, right axis deviation. 


III five times, in Lead II six times, and in Lead I twice. Eleven of the 
patients whose electrocardiograms showed an abnormal degree of right 
axis deviation had eongenital heart disease and the others, with two ex- 
ceptions, had mitral stenosis. Nine of the patients with congenital heart 
disease had QRS complexes wider than 0.0800 second. 

A comparison of the above three groups of electrocardiograms 
(each group containing 50 electrocardiograms) indicates that the 
average duration of the QRS complex is longest in the records hav- 
ing abnormal left axis deviation with inverted T-waves in Lead I. 
The average durations of the QRS waves in those tracings hav- 
ing abnormal left axis deviation with upright T-waves in Lead I and 
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those with abnormal right axis deviation were similar, and more closely 
approached that found for normal adults although still exceeding it 
somewhat. 

Electrocardiograms of 100 Patients With Heart Disease Without Any 
Abnormal Degree of Either Left or Right Axis Deviation. The electro. 
‘ardiograms of 100 patients with heart disease without any abnormal de- 
gree of either left or right axis deviation were studied, and the duration 
of their QRS complexes was determined. There was no bundle-branch 
block in these tracings. In 50 of the 100 cases there were abnormal 
T-waves in Lead I or Lead IT, and in 50 there were no abnormal T-wavyes 
in either Lead I or Lead II. 

All the 50 electrocardiograms in which the T-wave was upright in 
Leads I and II were those of patients in whom we had made the diag- 
nosis of undoubted angina pectoris, 42 of their number being males, 
The average duration of the QRS complexes in these 50 eases was 0.0779 
second. Twenty-two of the 50 records showed the widest QRS complexes 
in Lead II, 17 in Lead III, and 11 in Lead I. Four of the 7 films in 
which the leads were taken simultaneously showed the widest QRS com- 
plexes in Lead I. 

The average duration of the QRS complex was 0.0827 second in the 
50 electrocardiograms of patients having heart disease and abnormal 
T-waves in Lead I, in Lead II, or in both Leads I and II, but in which 
there was neither abnormal axis deviation nor bundle-branch block. The 
diagnosis of coronary thrombosis was made by us clinically in all these 
50 patients. There were 21 tracings with an inverted T-wave in Lead I 
and 14 with a diphasie T-wave in Lead I. Of the remaining 15 electro- 
eardiograms 10 had an inversion of the T-wave in Lead II and 5 had 
diphasie T-waves in Lead II. Six of the 10 electrocardiograms having 
inverted T-waves in Lead II had QRS wave durations of over 0.0900 
second; otherwise there was no suggestive relationship between the width 
of the QRS complex and the type of T-wave. Forty-four of these 50 
electrocardiograms were from male patients. The widest QRS complexes 
were found 21 times each in Leads I and II. There were 17 tracings in 
which two leads were taken simultaneously, and of this number the QRS 
wave was widest in Lead II in the majority of instances. 

Intraventricular Block Including Full Bundle-Branch Block. The 
ventricular complexes were studied in 50 electrocardiograms showing the 
presence of intraventricular block of slight to moderate degrees (not 
the full classical bundle-braneh block) and in 30 electrocardiograms 

showing full bundle-branch block. The average duration of the QRS 
waves in the first group was 0.1307 second with the two extremes 
0.1007 second and 0.1640 second. There were 46 males and 4 females rep- 
resented in this group of 50 patients; two of the 50 patients complained 
of diseases not related to the heart, two had functional cardiac dis- 
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turbances,* and the remainder had complaints due to organic heart 
disease. The widest QRS complex was found in Lead III in 19 trae- 
ings, in Lead II in 18, and in Lead I in 13. Of 10 electrocardiograms 
with two leads taken simultaneously, the duration of the QRS complex 
was greatest in Lead III on 6 occasions. 

Three additional electrocardiograms were measured in which the in- 
terpretation had been intraventricular block on account of the shapes of 
the QRS waves, although the duration of the ventricular complex was 
less than 0.100 second. The measurements of the durations of the QRS 
waves in these cases were 0.0896 second, 0.0931 second, and 0.0996 see- 
ond respectively. It is thought that the interpretation of intraventricu- 
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lefects in the ventricular conducting system. 


Fig. 
A, Intraventricular block of lesser degree; B, bundle-branch block with left axis devia- 
tion; C, bundle-branch block with right axis deviation (Leads I and II recorded 
simultaneously ). 


lar block was justified because of the extreme notching and altered shape 
of the ventricular complexes despite their relatively short durations. 
The durations of the ventricular complexes were estimated in 30 
electrocardiograms having typical bundle-branch block, of which number 
20 had left axis deviation and 10 right axis deviation. The former 
under the old terminology are considered to indicate defects in the 


*An electrocardiogram was studied representative of the group of cases reported 
by Wolff, Parkinson, and White! in which there were sometimes widened QRS waves 
with short PR intervals and at other times normal complexes with PR intervals of 
usual length. Two complexes of each type were measured, and the intervals from ‘the 
beginnings of the P-waves to the ends of the S-waves were found to be approximately 
the same (0.22 second and 0.21 second re spectively). This is evidence supporting the 
Suggestion by Holzmann and Scherf*® that in these cases there may be a special con- 
duction tract between auricles and one or the other ventricle in addition to the A-V 
node and the bundle of His. 
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right branch of the bundle, but left bundle-branch block according 
to the new nomenclature. Lewis found that the average duration of the 
QRS complex in 7 tracings having such changes was 0.1396 second: jn 
our 20 eases it was 0.1499 second. Twelve of the 20 patients were males, 
The majority of these 20 records showed the widest QRS waves in 
Lead II. 

The 10 tracings having bundle-branch block with right axis deviation 
gave an average duration of the QRS complex of 0.1412 second, Six 
of these patients were males. The widest QRS complexes were most 
often found in Lead III in this group. 

Ventricular and Auricular Premature Beats. Twenty electrocardio- 
grams having frequent premature beats were studied, and the durations 
of the first ventricular complexes (QRS waves) were determined. It was 
not possible to obtain 3 of these special complexes in every lead for 
measurement as had been the procedure throughout the series; however, 
no fewer than 7 premature beats were measured in each instance. 

The average duration of the QRS waves of ventricular premature 
beats with left axis deviation was 0.1374 second in 5 electrocardiograms. 
Three of these patients were males. The duration of the QRS waves of 
ventricular premature beats having right axis deviation was 0.1401 
second in 5 electrocardiograms of 5 other eases. Those ventricular com- 
plexes having the longest time intervals were found most frequently in 
Lead ITI. 

The normal ventricular responses to auricular premature beats were 
measured in 5 electrocardiograms, and the average width of the QRS 
waves was found to be 0.0801 second. There were four males and one 
female represented by these electrocardiograms. The widest QRS com- 
plexes were found twice in Lead II and twice in Lead III. In five other 
electrocardiograms the duration of the QRS wave was determined for 
aberrant ventricular responses to auricular premature beats. The aver- 
age duration of these QRS intervals was 0.1216 second. Three of the 
tracings were from male patients. The greatest aberration of the ventric- 
ular responses to ectopic auricular beats was observed twice in Lead I 
and twice in Lead II. 

NOTE ON NOMENCLATURE 


The present study has ealled our attention to the inconsistencies of 
the nomenclature of the QRS complex of the electrocardiogram. In de- 
seribing the ventricular complex the method most in vogue at the pres- 
ent time of calling the upward deflection of the QRS complex the R-wave 
and the downward deflections Q and S according as they precede or 
follow the R-wave is unsatisfactory in that there may be more than one 
upward deflection (see Lead III of Fig. 4A) and in that the first down- 
ward deflection may be deep and wide, not in appearance like the usual 
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Q-wave and in time coincident with the R-wave of Leads I and II (see 
Lead III of Fig. 4B). Nor is the earlier nomenclature of Einthoven 
wholly satisfactory, even though it is more consistent in that the deflee- 
tions are labelled according to their timing in the cardiac cycle and not 
merely arbitrarily; that is, Q-, R-, and S-waves may be upright or in- 
verted but represent in sequence phases of the first spread of the excita- 
tion wave into the ventricles; thus in Lead III of Fig. 4A there are in 
sequence an upright Q-wave, an inverted R-wave, and an upright S-wave. 

The timing, however, of the individual deflections is often difficult or 
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Fig. 4.—Electrocardiograms showing variations of QRS complexes, with Leads I 
and II taken simultaneously, and Leads III and I taken simultaneously. A, The QRS 
in Lead III presents two upright peaks and one directed downward, the downward 
deflection corresponding in time with the upright R in Lead I. It represents an in- 
verted QRS complex; B, the QRS in Lead III is diphasic, the first deflection being 
downward and followed by an upward deflection. Timing of the complexes shows 
that the downward deflections in Lead III occur simultaneously with the upright peaks 
or R-waves in Lead I. 


impossible, when we are dealing with a diphasie or monophasic curve, 
unless two or more leads are recorded simultaneously. As a matter of 
fact, the old German designation for the QRS wave, namely I standing 


for Initialsechwankung, is in some respects preferable to QRS. But either 
designation is suitable if we limit ourselves to a clear, simple description 
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of what we actually see— thus the QRS wave may be described ag eon. 
sisting of plus and minus deflections extending so many millimeters 
above or below the baseline without any arbitrary and often misleading 
attempt to label the individual deflections by exact letter; in Fig, 44 
the QRS wave in Lead III may be briefly and accurately presented as 
QRS equals plus 1, minus 2, plus 4, and in Fig. 4B QRS, equals minus 3. 
plus 7. For the past five years or more we have used successfully at 
the Massachusetts General Hospital this method of describing the QRS 
complexes in electrocardiograms showing low voltage in all leads. The 
method may usefully be expanded to include all electrocardiograms, 
Finally, the duration of the individual deflections may be expressed 
either roughly or accurately by measurement in addition to their diree- 
tion and amplitude. In the last analysis, however, a reproduction of 
the complex itself by phetograph, tracing, paper, or rough drawing is 
more instructive than any amount of description, more or less as actual 
sight of a patient is more valuable than a word picture, no matter how 
it is. 
SUMMARY 


1. Three ventricular complexes have been measured with the Lueas 
comparator in each of the three leads of 500 human electrocardiograms 
(150 normal subjects and 350 abnormal subjects) in order to determine 
the average duration of the QRS waves. 

2. The average duration of the QRS complex in 100 normal adults 
was 0.0777 second. Fifty of the patients were males with an average 
duration of the QRS time interval of 0.0833 second, and 50 were fe- 
males with a shorter time interval of 0.0722 second. The average dura- 
tion of the QRS complex in 50 normal children twelve years of age and 
under was 0.0719 second with the males having slightly longer duration 
times. Some particular variation of the ventricular complex such as 
notching or upright S- or Q-waves accounted for QRS waves wider than 
0.0900 second. 

3. The only important correlation of the duration of the QRS wave 
in normal individuals is apparently that with heart size; the taller the 
person, as a rule, the wider the QRS complex. Neither the age of the 
patient nor the eardiae rate appeared to have any relationship to the 
duration of the QRS wave except that the QRS waves of children are in 
general narrower than are those of adults. The QRS wave was found 
to be widest most frequently in Lead III. 

4. The normal upper limit of duration of the QRS wave of the electro- 
-ardiogram in children of twelve years and under may be accepted as 
0:09 second, and in adults as 0.10 second. In our series of 50 normal 
children only 2 showed QRS waves more than 0.09 second long (0.0915 
and 0.0992) and in our series of 100 normal adults only 3 showed QRS 
waves over 0.1 second in duration (0.1006, 0.1017, and 0.1053). 
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5. In 50 electrocardiograms having an abnormal degree of left axis 
deviation and an upright T-wave in Lead I the average QRS wave dura- 
tion was 0.0889 second, and in 50 tracings with an abnormal degree of 
left axis deviation associated with an inverted T-wave in Lead I the 
duration time averaged 0.0985 second. The duration time of 0.0870 
for the QRS waves in 50 electroecardiograms having an abnormal degree 
of right axis deviation was thus slightly shorter than that of the cases 
with an abnormal degree of left axis deviation. 

6. The QRS wave durations of 100 electrocardiograms of patients 
having heart disease without bundle-branch block or an abnormal de- 
eree of axis deviation were measured. The average duration of the 
QRS complex was 0.0779 second in 50 patients having angina pectoris 
without abnormal T-waves in Lead I or Lead II. The average dura- 
tion was 0.0827 second for 50 patients who had had coronary thrombosis 
and showed abnormal T-waves in either Lead I or Lead II. 

7. Fifty electrocardiograms interpreted by us as showing intraventrie- 
ular block of lesser degrees had an average QRS wave duration of 0.1307 
second. The average duration of the ventricular complexes was 0.1499 
second in the 20 eases of full bundle-branch block with left axis deviation 
and 0.1412 second in 10 eases of full bundle-branch block with right 
axis deviation. 

8. The average duration of the QRS complexes of 5 ventricular pre- 
mature beats with left axis deviation was 0.1374 second and of 5 ven- 
tricular premature beats with right axis deviation 0.1401 second. The 
QRS interval averaged 0.0801 second in duration for the normal ventrie- 
ular responses to premature beats of auricular origin in 5 eases, and 
0.1216 second for aberrant ventricular responses to auricular premature 
beats in 5 other eases. 

9. This study has ealled our attention to the inconsistencies of our 
present nomenclature of the deflections of the QRS complex. We 
suggest that a more satisfactory method of describing this complex would 
be to state positive and negative detections by appropriate signs with 
amplitudes expressed in millimeters; thus, QRS equals minus 2, plus 
12, minus 5. The duration of the total complex or of the individual 


deflections may be added if abnormal. 
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DYNAMIC DILATATION OF THE THORACIC AORTA* 


W. K. Purks, M.D. 
Boston, Mass. 


N ONE sense of the word all dilatation of the aorta is dynamie dila- 

tation, for without the pressure of the blood within the vessel dilata- 
tion would not occur. The term ‘‘dynamie dilatation’? as commonly 
used, however, indicates that the internal pressure of the blood is the 
sole cause of the dilatation and that structurally the aorta is normal 
and consequently after death returns to normal size. In view of the 
marked elasticity of the normal aorta which year after year must 
yield to the impact of the systolic thrust of the heart it seems remarkable 
that so-called dynamic dilatation does not occur more often. Con- 
sidered on a purely physical basis, if an individual’s diastolic pressure 
changes from 80 mm. Hg to 120 mm. Hg, his aorta must be distorted to 
some extent. The distortion may be chiefly manifest as tortuosity or 
as an inerease in width, the tortuosity being due to an inerease in length. 
It is at times important to know whether the dilatation of the thoracic 
aorta seen by x-ray examination is functional (dynamic) or represents 
a diseased aorta. Our attention was recently focused on this question 
by seeing a patient in whom the roentgenologist found an aorta dilated 
to aneurysmal proportions and in whom the pathologist found an aorta 
of normal size. 

CASE REPORT 

E. M. Medical Case No. 42513. A negro chef, aged forty-five years, was admitted 
to the hospital Feb. 8, 1933, complaining of precordial pain and shortness of breath 
of three months’ duration. His family history was negative. There was no history 
of syphilis, though he had had gonorrhea twelve years previously. During the last 
two years he had been troubled by frequent occipital headaches. Three months 
before admission he first noticed precordial pain. It was persistent though of 
variable intensity and was accentuated by exertion, at which time it became quite 
severe. He had frequent paroxysms of nocturnal dyspnea. For two months there 
had been frequent attacks of temporary blindness in the right eye followed by 
diplopia. 

Physical Examination.—Showed good development and nutrition. He was in 
moderate respiratory distress. Both optic dises showed a swelling of one diopter. 
A few white spots were seen in both retinas. There was evidence of vascular disease 
and one small hemorrhage on the right. The carotid arteries pulsated forcefully. 
There was no tracheal tug. The lungs showed occasional coarse rales at the right 
base. The cardiac impulse was 12 em. to the left of the midline, The left border 
of cardiac dullness measured 12.5 em., right border of cardiac dullness 4 em. 
from the midline and the supracardiac dullness 6 em. <A systolic murmur was 

*From the Medical Clinic of the Peter Bent Brigham Hospital, Boston, Mass. 
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heard at the apex. There was no diastolic murmur. The heart action was regular, 


The aortic second sound was ringing in character. The blood pressure was 200 
mm. systolic and 169 diastolic. The remainder of the examination was not. re- 
markable. 

His admission temperature was 99°, pulse SO and respirations 24. The red 
blood count was 4,600,000, hemoglobin 82 per cent (S), white blood count 7,500 
with a normal differential. The blood Wassermann and Hinton tests were positive, 
An x-ray picture of the heart showed a widening of the aorta in the anterior, 
posterior and lateral views. 

He had repeated attacks of severe precordial pain, partially relieved by nitro- 
glycerin. On one occasion he had severe pain localized in the epigastrium, asso- 
ciated with a fall of blood pressure to 150/100 and with electrocardiograms quite 
typical of coronary occlusion. There was no fever, leucocytosis or pericardial 
friction rub. His blood pressure rose after the attack to 225/155. He continued, 
however, to have repeated attacks of precordial pain, frequently was covered with 
sweat, and was extremely weak. Finally on the forty-sixth day in the hospital he 
had a severe attack and died. Some gastrointestinal symptoms and findings were 
present but were not pertinent to the present consideration of the case. He was 
thought to have hypertension, chronie myocarditis and coronary occlusion plus a 
syphilitic aortitis with aneurysm. 

At autopsy surprisingly enough there was neither a dilated aorta nor a coronary 
occlusion. The aorta measured 7 em. in circumference just above the valves, and 
just proximal to the right innominate artery 6.5 em. in circumference. Its elasticity 
was extremely well preserved. The proximal aorta was essentially negative, except 
for a few small atheromatous patches. The heart was greatly enlarged, weighing 
520 gm. There were no yalve lesions. There were no areas of myocardial fibrosis 
or softening. There was a generalized mottling with alternating areas of reddish 
brown and pale brown colors. There was myocardial hypertrophy most marked in 
the left ventricle. The coronaries were of large caliber, patent throughout and 
grossly showed little evidence of disease. Other features of the gross pathology 
need not be described in detail. Suffice it to say, there was a chronic progressive 
vascular nephritis, acute hemorrhagic colitis, hypoplasia of the thyroid, mesenterie 
lymphadenitis, pleural adhesions and phleboliths in the prostatic venous plexus. 
The most significant feature of the microscopic study was the remarkable character 
of the vascular lesions. Vessels of the various tissues showed essentially the same 
picture. There was marked degeneration of the intima and media of small aterioles 
to medium-sized and small arteries. There was in addition to the degeneration an 
inflammatory cell infiltration and a hyperplastic response. Some vessels showed 
hyalinization of the media with early evidence of degeneration. These lesions were 
not diagnostic of a syphilitic peripheral arteritis though suggestive. A detailed 
consideration of these remarkable lesions is not the province of the present study. 
Microscopically the aorta showed some thickening of the intima with some degenera- 
tive changes. There was a slight bluish stain throughout the media. The structural 
relations were, however, well maintained. There was no evidence of syphilis. Elastic 
tissue stains showed an abundance of normal elastic tissue. 


This patient did not have a perfeetly normal aorta and there was a 
history of syphilis. He is nevertheless presented as a case of dynamic 
dilatation because the slight pathological lesions found at autopsy were 
in an aorta of normal size and yet there was unquestionable dilatation 
before death. An explanation of the electrocardiographie changes is 
not essential to the present report. It seems highly probable, however, 
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that even in the absence of a major focal coronary thrombosis there was 
such marked disease of the small vessels as to produce a widespread 
anoxemia of the heart muscle which would alter the electrocardiographic 
picture. 

How ean this ease be explained and how often does the aorta dilate 
to abnormal proportions because of pressure changes? The literature 
contains relatively few references to dynamic dilatation. Some authors 
feel, as does Wilson,’ that ‘‘It is doubtful if a state of so-called dynamic 
dilatation ever occurs in a perfectly normal aorta no matter what the 
blood pressure is.’’ Bayley? has recently studied the subject and finds 
that the conditions in which dynamic dilatation is most often described 
are aortic insufficiency of rheumatic origin, chronie nephritis with hyper- 
tension, hyperthyroidism and eardiae neurosis. He reports three eases 
in which a dilatation of the thoracic aorta demonstrated by x-ray ex- 
amination was considered as ‘‘dynamic’’ because organie causes such as 
syphilis and arteriosclerosis were not present. To the above mentioned 
conditions in which dynamie dilatation is likely to oceur we would add 
stenosis of the aorta, especially that form of congenital stenosis of the 
aorta found with coarctation of the aorta. 

From the ease records of the Peter Bent Brigham Hospital we have 
studied the x-ray and clinical features of a number of cases in which 
dynamic dilatation seemed likely to occur. These will be considered in 
five groups. In considering the whole problem the question at once 
arises as to just what are the upper limits of measurements for the 
normal aorta. The limits, of course, vary widely at different ages, and 
in the last analysis the general impression of the roentgenologist of a 
given case is probably of more value than are actual measurements com- 
pared with a theoretical normal. Our interpretation of whether or not 
a given aorta is dilated may not conform to the eriteria of others, but 
throughout the study the same criteria have been used and findings in 
the different groups are comparable. We have considered an aorta 
dilated when in fluoroseopy it appeared definitely so in the oblique view 
or when the transverse measurement in the posteroanterior view of the 
7-foot plate exceeds 6 em. Measurements in the oblique view were not 
often available. In none of these patients was dilatation of the aorta 
sufficient to produce the murmur of aortie insufficiency; in the group of 
aortic insufficiency of rheumatie origin there was an aortic insufficiency 


of organie valve origin. 
GROUP I. AORTIC INSUFFICIENCY OF RHEUMATIC ORIGIN 


In this group of 39 patients all were under thirty years of age. The 
average age was 19.1 years. This factor largely eliminates arterio- 
sclerosis as a cause of aortic disease. We may assume that arteriosclero- 
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sis sufficient to cause gross alteration in aortic contour rarely oceurs 
before the age of forty years. In this group, as in each of the others, 
all cases in which there was any suggestion of syphilis have been ex- 
cluded. The average systolic blood pressure, as seen in Table I, was 
129.6 mm. Hg, the average diastolic pressure 44.9 mm. He, and the aver- 
age pulse pressure 84.9 mm. Hg. Dilatation of the aorta was recorded 
in 25.6 per cent, and the aorta was described as tortuous in 2.5 per cent. 
An effort to compare these figures with those of other observers shows 
that such studies have not been frequently done. Vaquez and Bordet, 
in one of the best early books on roentgenography of the heart, state that 
in aortie insufficiency there is a dilatation of the aorta at its origin from 
the valvular ring to the level of the arch where it resumes its normal 
Wiggers‘ refers to an increase in the aortie shadow in aortie 
insufficiency. White’ states that the active oscillations of pressure as- 
sociated with aortic insufficiency may give rise to very marked pulsa- 
tion in the aorta with considerable dilatation and prominence of the 
aorta during systole but with a collapse to nearly normal ealiber during 
diastole. Bayley? found dilatation of the aorta in 8.4 per cent of his 
‘ases. Scott® mentions the frequent occurrence of dilatation in aortic 
insufficiency, especially in cases where there is a high systolie pressure 
and a low diastolic pressure. Holmes,’ on the other hand, found a nor- 
mal aortie shadow in all of 15 eases. There is then a rather wide varia- 
tion of opinion, 

In those eases of our serics showing dilatation the average systolic 
blood pressure was 145.2 mm. Hg, the average diastolic pressure 40.6 mm. 
Hg, and the average pulse pressure 104.6 mm. Hg. That is to say, those 
with dilatation in contrast to those without dilatation of the aorta had a 
considerably higher systolic and pulse pressure and about the same dias- 
tolie pressure. Clearly then there was much more tension on those that 
showed dilatation. Were these aortas diseased also? Many observers 
have described lesions of the aorta as a result of rheumatie fever. These 
have chiefly been acute processes. Sir Clifford Albutt® states that the 
dilatation which occurs in rheumatie and other forms of aortitis than 
syphilitic usually subsides as the disease becomes inactive. Our pa- 
tients were not in the acute phase of the disease. Deutsch® has empha- 
sized that aortic disease due to rheumatie fever and other infections 
is not uncommon. Unfortunately, we do not have autopsy material in 
the present series and cannot say with certainty that no disease was 
present in the aorta. Certainly, however, our general experience indi- 
cates that in young people coming to necropsy with rheumatic heart 
disease demonstrable structural disease of the aorta is not often found. 
Functionally the aorta may be impaired, 
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HYPERTENSION AND CHRONIC NEPHRITIS WITH HYPERTENSION 


GROUP II. 


In this group there were 21 patients with an average age of 25.5 years. 
All were under thirty-five years of age. The average systolic pressure 
was 202.4 mm. Hg, the average diastolic pressure 130.9 mm. Hg, and 
the average pulse pressure 72.4 mm. Hg. In 42.8 per cent the aorta 
was dilated, and in 14.6 per cent it was deseribed as tortuous. Here 
again we find that there are few comparable studies in the literature. 
Albutt quotes Hart’s’® description of plethoriec people whose heart is 
both enlarged and dilated and whose aorta displays marked distensi- 
bility and increased capacity, though it is normal and the increased 
capacity is not at the expense of loss of resilieney. Sheldon"! reported 
marked dilatation of the aorta by x-ray examination in a boy aged ten 
and a half years who had ehronie nephritis and a blood pressure of 
210/155 mm. Hg. Post-mortem study showed the aorta entirely normal 
in size. He regarded the dilatation as a direct mechanical consequence 
of the increased pressure, the increased pressure being maintained 
throughout diastole. Evans’ in a study of arteriosclerosis in children 
reports one case that had such dilatation of the aorta as to produce 
pulsation suggesting aneurysm. No x-ray films were taken. The boy, 
aged fourieen years, had chronic nephritis and a blood pressure of 
260/200 mm. He. At autopsy the aorta was not dilated. In 14 eases 
of chronie nephritis and hypertension in adults Smith and Kilgore 
found x-ray evidence of a dilated aorta in all but 3 cases. They con- 
sidered the upper limits of normal as 4.5 to 5.5 em. and classed as 
dilated all cases with transverse measurements exceeding 6 em. Con- 
trary to what one might have expected, those patients showing measure- 
ments of 7 to 9 em. were younger than those with measurements of 6 to 
Tem. This quite naturally suggested to them that when hypertension 
supervenes on an aorta already somewhat stiffened by age, it does not 
stretch as easily as a younger one would. Autopsies were not done in 
their series. Holmes’ states that diffuse dilatation of the aorta is not 
an unusual finding in hypertension, and White® mentions the fact that 
some of the dilatation seen by the roentgen examination in hyperten- 
sion is not found at post-mortem since it is temporary and depends upon 
the intra-aortic hydrodynamic state. Strangely enough although Wilson? 
did not find at autopsy the degree of dilatation evidenced on the x-ray 
sereen in 2 of his eases of hypertension, yet he concluded that dynamic 
dilatation does not oceur. 

In regard to the present series the assumption seems justified that 
the dilatation which was demonstrated was due to the pressure alone 
because other reasonable causes were not present. We eannot say 
whether or not the persistent high tension may have exceeded the elastic 
limit of the aorta and resulted in real dilatation which could have been 
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demonstrated at autopsy. Even if such had been the ease, the aorta 
probably would have appeared structurally normal under the miero.- 


scope. Functionally it would not be normal, 
GROUP Ill. HYPERTHYROIDISM 


This group is small. It consists of 26 patients, none of whom was 
over forty years of age. The average age was 29.6 years, the average 
systolic blood pressure 133 mm. Hg, the average diastolic pressure 
64.4 mm. Hg, and the average pulse pressure 68.1 mm. He. The 
average increase in metabolic rate was +58 per cent. Only 4 eases, 15.3 
per cent, showed a dilated aorta and none of the aortas was described 
as tortuous. Bayley? found dilatation in 12.1 per cent of 263 eases. 
His is a more representative series. Analysis of the present group shows 
that the blood pressure readings were not definitely abnormal; therefore 
no very high incidence of dilatation of the aorta could be expected, 


GROUP IV. CARDIAC NEUROSES 


This group consists of 15 patients, with an average age of 28.6 years. 
All patients over forty years of age were excluded. The blood pressure 
ranges were quite normal. The average systolic pressure was 120.5 mm. 
Hg, the average diastolic pressure 71.5 mm. Hg, and the average pulse 
pressure 49 mm. Hg. Only one ease had a dilated aorta. Bayley’ found 
dilatation in 9 per cent of 31 eases of cardiac neurosis. We have found 
only one other reference to the occurrence of a dilated aorta in neuroses. 
Norris“ describes paroxysms of dilatation of the abdominal aorta which 
oceur chiefly in neurasthenie women with ptosis. During such attacks 
there is a marked localized pulsation of the abdominal aorta simulating 
aneurysm. Attacks are said to begin and end suddenly. 


GROUP V. CONGENITAL STENOSIS OF THE AORTA 


This group consists of 4 cases of coarctation of the aorta and one of 
subaortie stenosis. No patient was over forty years of age. The average 
age was 30.4 years. The average systolic pressure was 168 mm. He, the 
average diastolic 99.6 mm. Hg, and the average pulse pressure 70.8 mm. 
Hg. Four cases showed widening of the aortic or supracardiae shadow. 
Vaquez and Bordet* believe that the dilatation of the aorta in con- 
genital aortic stenosis is to be explained in the same way as the dilata- 
tion of the pulmonary artery in eases of congenital stenosis and that it 
is due to a functional distention so that it may be perceptible during 
life but not found after death. They also found dilatation beyond the 
point of stenosis. Of our 5 eases only one came to autopsy. The patient 
with subaortic stenosis, aged forty years, had a definitely widened and 
tortuous aorta by x-ray examination, and yet at post-mortem the aortic 
arch measured only 6 em. in circumference and there was no evidence 
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of dilatation. In the other cases we have no reason to suspect aortic 
disease and must therefore assume that the dilatation results from in- 
creased pressure. Certainly the conditions for producing a functional 
dilatation are ideal in these cases. That is to say, there is throughout 
life an increased pressure. 

TABLE I 


No PATIENTS Over Forty YEARS OF AGE 


PER CENT 
NO.OF AVERAGE SYSTOLIC DIASTOLIC PULSE 
GROUPS OF CASES 
CASES AGE PRESSURE PRESSURE PRESSURE i 
DILATED 
Aortie insufficiency 39 19.1 129.6 44.9 84.9 25.6 
Hypertension 21 25.5 202.4 130.9 72.4 2.8 
Cardiac neuroses 15 28.6 120.5 71.5 49.0 6.6 
Congenital stenosis of aorta 5 30.4 168.0 99.6 70.8 80.0 
Hyperthyroidism 26 29.6 133.0 64.4 68.1 13.5 


DISCUSSION 


From a review of the literature it beeomes apparent that, though 
isolated cases of dynamic dilatation of the thoracic aorta have been 
noted and a number of authors have casually mentioned its occurrence, 
aside from the work of Bayley and of Smith and Kilgore, no one has 
focused attention upon it as being relatively common. The present 
study indicates its rather frequent occurrence in aortie insufficiency of 
rheumatic heart disease, hypertension, and congenital stenosis of the 
aorta and a slightly less frequent occurrence in hyperthyroidism. In 
the hypertensive group the elevated pressures in a young individual with 
an elastic aorta offer the ideal condition for the development of a 
functional dilatation. In the group of congenital stenosis of the aorta 
the systolie, diastolic and pulse pressure, though all elevated, are not 
so high as in the hypertensives. However, the great duration of the 
process more than offsets the pressure differences, and dilatation is the 
rule rather than the exeeption. In the eases of aortic insufficiency and 
in hyperthyroidism somewhat comparable blood pressures are observed, 
the chief feature being a high pulse pressure. Though the present 
study indicates the frequent incidence of dilatation in both groups, it is 
more common in the aortie insufficiency cases. This is probably due to 
the younger ages in that group and to the higher pulse pressures. We 
find no evidence that dynamie dilatation is common in eardiae neuroses. 
We look upon dynamie dilatation as a purely mechanical process and 
assume that there are two factors balanced against one another, namely, 
the elasticity of the aorta and the intra-aortic pressures. Since we do 
not consider that elastie tissue has any neurogenic control, it could not 
be influenced by neurogenie factors. 

In order to visualize what takes place in dynamie dilatation of the 
aorta let us assume in a given ease a normal aorta in a young individual 
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with a normal blood pressure. Suppose the pulse pressure is at once 
increased from 50 mm. Hg to 80 mm. Hg. The aorta, being elastie. 
yields to the first systolic thrust, but durimg diastole it will return to 
its original size unless one of two things occurs. The tension of the 
initial thrust may exceed the elastic limit of the aorta and the vessel 
then will not recoil to its normal size. Thereafter it will always be 
somewhat dilated, and this dilatation will be demonstrable at autopsy. 
It is doubtful if this ever happens, for Herringham and Wills’ showed 
that all aortas when placed in saline for five minutes after they had 
been stretched with weights up to 200 gm. returned to their original 
size and therefore are almost perfectly elastic. The other possibility in 
eases of a high pulse pressure is that although the aorta may be per- 
feetly elastic, its elastic limit having not been exceeded, its rate of recoil 
may be slow and a second systolic thrust strike it before it has re- 
turned to a state of rest after the first. The resultme bombardment of 
one systolic thrust upon another keeps the aorta dilated, though if the 
vessel were given a rest it would resume its former ealiber which on 
pathological examination it is found to have. The speed of reeoil de- 
pends upon the quality of the aorta. This we cannot well evaluate from 
a pathological study of structure. It is, in general, undoubtedly true 
that an abundance of elastic tissue represents a highly elastie aorta, but 
the presence of tissue that takes the stain for elastie tissue does not 
prove its functional character. It has been shown by various observers 
that elastie tissue varies widely in functioning power. Though we com- 
monly look upon elastie tissue as an inert substance that responds to 
distortion according to pure physical principles, it is apparently true 
that elastic tissue is subject to fatigue. It is easy enough to visualize 
what happens when an elevation of pressure ineluding the diastolic 
pressure oceurs. Every aorta regardless of its quality, though to vary- 
ing degrees, must yield when the diastolic pressure rises. The degree of 
dilatation will depend upon the quality of the elastic substance of the 
aorta. We do not know what factors alter the quality of elastic tissue. 
Perhaps it is influenced by heredity, or perhaps it may be altered by 
acute infections which, however, leave no structural evidence of damage. 

In the ease report given above we-found an aorta which, though it was 
the site of disease, had not lost its elasticity. It was therefore dilated 
beeause it was continuously under a pressure of at least 135 to 150 mm. 
He diastolic and also was subjected to repeated thrusts of a pulse pres- 
sure of about 100 mm. Hg. 


SUMMARY 


1. A review of the literature shows very few references to dynamic 
dilatation of the aorta, a condition which the present study indicates 
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is not an uncommon occurrence. It is most common in aortic insuf- 


ficiency, hypertension, hyperthyroidism, and congenital stenosis of the 


aorta. 


9. A ease is reported in which marked dilatation of the aorta demon- 


strable by x-ray examination was not found at pathological exam- 


ination. 


. Norris, G. W.: Blood Pressure: Its Clinical Applications, Philadelphia, p. 
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AN ELECTROCARDIOGRAPHIC STUDY OF VISCEROCARDIAGC 
REFLEXES DURING MAJOR OPERATIONS* 


C. C. Mauer, M.D., P. J. Crirrenpen, Pu.D., P. F. MD. 
ILL. 


HE subject of viscerocardiae reflexes during and after major 

operations has been investigated by others, and a review of their 
work is given by Owen.' The data herein reported are a continuance 
of the work of Owen,’ and of Crittenden and Ivy.” 


PROCEDURE 


The electrodes used in making these electrocardiographic observations were skin 
suture needles about four inches long. They were placed subcutaneously in the 
second or third, and fifth and sixth intercostal spaces on the left side near the 
midline. This ruled out many of the somatic tremors which are marked with 
the ordinary skin contact electrode. Ressinger* used this type of electrode in his 
investigation. 

The control electrocardiogram was usually taken the night before the opera- 
tion. When the operating schedule offered an emergency case or one of special 
interest, the control was taken from one-half to one hour prior to the anesthesia. 

Electrocardiograms were made at various intervals during anesthesia and the 
operative procedures, and also from four to six hours postoperatively. Additional 
electrocardiograms were usually made the next day and also one week later. 

The progress of the operations was observed by one of us who signalled the op- 
erator of the electrocardiograph when to take an electrocardiogram. The surgeons 
cooperated in synchronizing manipulations likely to give viscerocardiac reflexes with 
the taking of the electrocardiograms. 


TYPES OF CASES 


Eighty-nine cases were studied. The type of cases varied. They included: 
cholecystectomy, 16 patients; appendectomy, 9; gastric resection, 7; cholecystectomy 
and appendectomy, 4; herniotomy, 5; hemorrhoidectomy, 4; uterine fibromyomec- 
tomy, 3; hysterectomy, 4; hydrocele, 3; colostomy, 3; thyroidectomy, 3; salpingec- 
tomy, 2; exploratory laparotomy, 2; choleeystotomy, 3; perineorrhaphy, 1; entero- 
anastomosis, 1; nephrectomy, 1; thoracoplasty, 1; vaginal fistula, 1; salpingectomy 
and appendectomy, 1; cesarean section, 1; cyst of the broad ligament, 1; ovarian 
carcinoma, 1; ovarian cyst, 1; uterine suspension, 1; vaginal plastic, 1; tuberculous 
peritonitis, 1; generalized carcinomatosis, 1; lumbar sympathectomy, 1; ulnar 
neurolysis, 1; radial neurolysis, 1; incision of cellulitis, 1; normal deliveries, 3. 

In the early part of the work a general survey was made of as many different 
types of operations as could be utilized. Later it seemed that viscerocardiac 
reflexes might be obtained best from the upper abdominal operations. Special 
effort was made to find cases with such complications as jaundice, pancreatitis or 
previous cardiae disease. Previous work demonstrated that these conditions were 

*From the Departments of Physiology, Medicine and Surgery of the Northwestern 
University Medical School and the Department of Surgery of the Cook County Hospl- 


tal, Chicago. This work has been aided by a grant from the Josiah Macy, JT., 
Foundation. 
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likely to sensitize the visceroeardiace reflex mechanism. The cases studied included 
fifty-four women and thirty-five men. Their ages varied from twelve to seventy- 
three years. 
ANESTHESIA 
Various types of anesthetics were used: ether, 58 patients; ether with nitrous 
oxide induction, 12; nitrous oxide only, 6; nitrous oxide and local anesthesia, 2; 


ms 
local anesthesia, 3; spinal anesthesia, 3; peridural anesthesia, 1; avertin, 1. Two 
of the deliveries were conducted without anesthesia. 


RESULTS 


P-Wave—The most outstanding electrocardiographie observation 
made during the entire series was the P-wave change which occurred 
with the patient under deep ether anesthesia. The P-waves would 
disappear with the assumption of nodal rhythm and evidence of retro- 
grade conduction in the auricles. This occurred in twenty-eight of 
the fifty-eight straight ether cases, and in four of the twelve nitrous 
oxide ether eases. In the latter, nodal rhythm appeared only after 
the patient was under deep ether anesthesia. With two exceptions, it 
never appeared in the cases using nitrous oxide only, nor in the 
avertin, spinal, peridural or local anesthesia cases. These exceptions 
occurred in one case under spinal and in one under nitrous oxide 
novocain anesthesia. 

Besides these nodal rhythm cases, seven patients showed a shorten- 
ing of the P-R interval without actually going over into nodal rhythm. 
In four of these cases there was a decrease of from 0.03 to 0.04 second 
when the patient was brought under deep ether anesthesia. In two 
cases the P-R abbreviation occurred later in the operative procedure. 
In one case a decrease of 0.03 second was specifically noted with 
dilatation of the rectum, but at this point also the anesthesia was 
deepened by the patient’s increased respirations. 

Other changes noted in the P-waves were that they became de- 
pressed during deep ether anesthesia without going into nodal rhythm 
(two cases). They became diphasic in two eases under deep ether 
anesthesia. In one ease they became larger in the second stage of 
anesthesia, only to disappear in the third. In one thyrotoxie case, 
the T- and P-waves were practically fused. This fusion became more 
marked as the tachyeardia increased during the anesthesia, and was 
probably only a result of the increased heart rate. The P-wave was 
negative in one case for two hours after the operation, and then posi- 
tive. In one case it was present, but decreased in size for six hours 
after operation, and then returned to normal size. In one ease the 
P-R, interval was increased by 0.06 second during the operation. In 
one case an increase of 0.04 second was noted one week after operation. 

Voltage —Certain voltage changes were found. They appeared in the 
excitement stage of anesthetic induction, or when the patient was 
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straining on the operation table, and sometimes during operative pro 
cedures. An increase in voltage was seen in one case when the pylorus 
was crushed and the stomach pulled down for resection. It was seen 
once when the gall bladder was being pulled up, once during palpa- 
tion of a carcinomatous stomach. A decrease in voltage was also seen 
once when the appendix was being ligated, and once when the rectum 
was being dilated. The reaction was absent many times, however. 
when the surgeon, with specific force, pulled on the stomach, gall 
bladder, appendix, thyroid, hernial sae, uterus, hemorrhoid or ad- 
hesions, or explored the abdomen. 


QRS Complexes—QRS changes occurred in fifteen patients having 
ether, or ether with nitrous oxide induction, and in one patient under 
avertin. In one patient who was slightly jaundiced the R-wave was 
decreased 2 mm. during anesthesia and operative procedure but was 
increased 2 to 4 mm. postoperatively. In one case the S-wave deep- 
ened during the excitatory phase of the anesthesia. Dilation of the 
rectum caused a diphasic complex in another. In one case there was 
a mild but definite slurring of the QRS toward the end of the opera- 
tion. In another, the QRS became widened and notched while the 
gall bladder bed was being packed. In one case (thoracoplasty under 
avertin) the QRS became widened and slurred after the patient ‘‘ went 
bad’’ on the table. A week postoperatively in one hydrocele case, the 
wave was slurred and notched, indicating a myocardial disturbance. 
Postoperatively in one case the QRS complex was depressed the day 
after operation; in another case it increased one week later. 

T-Wave.—Anesthetie induction depressed the T-waves in seven cases; 
in four of these they remained depressed throughout the entire opera- 
tive procedure. In one case the T-waves showed some inversion dur- 
ing deep nitrous oxide anesthesia. They stayed flat through the ether 
administration and operation, but became upright again when the 
peritoneum was being closed. During anesthetic induction the waves 
increased in two other cases, disappeared in two and became more 
pointed in one. 

The waves vanished in four cases only late in the operative pro- 
cedure. They were seen to disappear with palpation of a carcinomatous 
mass, manipulation of the duodenum,, pulling on a hernial sac, placing 
an appendiceal purse string, ete., but the association was neither con- 
stant nor specific. Occasionally they became inverted and sometimes 
diphasic. Postoperatively the wave became markedly decreased in 
two cases, absent in one, and negative in two. 

Rates.—The changes in rates were taken as differences from the im- 
mediately preceding rate rather than from that of the control. In one 
thyrotoxie case, the control rate was 190 resembling an auricular flut- 
ter with 1:1 ratio. The rates were usually increased with anesthetic 
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induction, fluctuated irregularly with various operative maneuvers, 
and became normal soon after the completion of the operation. 

Thirty-one cases showed an increase of from twenty to eighty beats 
per minute with anesthetic induction. Four showed a decrease of 
from fifteen to twenty-five during early anesthesia. In two cases 
under nitrous oxide, the rate was increased twenty and forty-five, to 
be decreased later by ether, sixty and forty-five respectively. One 
ease showed a gradual increase of thirty-five during anesthesia and 
operative procedure. In one case there was a consistent tachycardia 
throughout. The following changes occurred at various intervals 
during operative procedure. Pulling on the gall bladder decreased 
the rate forty-five beats per minute in two cases and twenty-five in 
another. Cutting the skin was associated with an increase of forty 
in one case and cutting the peritoneum with an increase of fifty in 
another ; the latter procedure caused a decrease of thirty and fifty-five 
in two other cases. In an appendectomy, traction on the mesentery of 
the appendix caused a decrease of seventy-five. In a herniotomy, trac- 
tion on the sac caused an increase of thirty-five. 

Extrasystoles—Auricular extrasystoles occurred in five eases, ven- 
tricular extrasystoles in four cases and nodal extrasystoles in two. In 
two other cases there were both auricular and ventricular extrasystoles. 
The auricular extrasystoles began in one cholecystotomy ease while 
the skin incision was being made and disappeared when the gall stone 
was removed. They appeared again when the peritoneum was being 
closed. They appeared also during incision of a hernial sae, pulling 
on an omentum, during clamping of hemorrhoids and packing a gall 
bladder bed. They were also seen, however, without operative stimuli, 
e.g., during the excitatory stage of anesthesia, and again one day post- 
operatively. 

The ventricular extrasystoles appeared during palpation of a car- 
cinomatous mass, during clamping of hemorrhoids, closing of the 
peritoneum, pulling on a hernial sae, and packing of a gall bladder bed. 
They were also seen, however, during anesthetic induction. In two 
cases, extrasystoles of ventricular origin were present in the controls, 
during anesthesia induction and postoperatively, but were absent dur- 
ing the operative procedure. 

In a thyroidectomy under nitrous oxide, one nodal extrasystole ap- 
peared during early anesthesia. In a cholecystectomy under ether, 
interpolated beats of nodal origin appeared when the eystic duct was 
being cut. 

ABNORMAL BEATS 


All these electrocardiographie abnormalities were of such different 
character and occurred at such various intervals that a brief protocol 
on each patient seems desirable. 
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Case 1.—Appendectomy-cholecystectomy. Ether. The patient was slightly 
jaundiced at the time of the operation. The R voltage was lowered about 2 mm. 
during anesthesia and operative procedure, increasing 2 to 4 mm. postoperatively, 
During the operative procedure the T-wave was depressed and a sinus arrhythmia 


was noted. 


CasE 6.—Cholecystectomy. Ether. During the operative procedure the QRS had 
a phasie variation and the T-wave was flattened. The skin incision caused a new 
auricular complex which persisted until the removal of the gall stone. A similar 
change was noted when the peritoneum was sutured. 


CasE 8.—Colostomy. Carcinoma of the rectum. Ether. The sino-auricular node 
was depressed throughout the operative procedure. The T-wave was depressed dur- 
ing anesthesia induction and the operative procedure. 


Case 10.—Appendectomy. Ether. The T-wave was depressed throughout the 
operative procedure and slowly returned to normal postoperatively. It was again 
depressed on the fifth day and was absent two weeks later. Cutting the peritoneum 
‘aused a depression of the sino-auricular node which was still depressed five days 
later. 

Case 13.—Cholecystotomy. Ether. The R voltage was markedly decreased the 
first day postoperatively, and the T-wave was depressed during the operative pro- 
cedure. The sino-auricular node was markedly depressed during anesthesia. There 
was a mass in the region of the duodenum, the palpation of which caused an ex- 


trasystole of ventricular origin. 


Case 16.—Herniotomy. Ether. The T-wave disappeared with tension on the 
hernial sac, and there were also extrasystoles of auricular origin during the in- 
cision of the hernial sac. Nodal rhythm was present during the ‘‘painting’’ of 
the skin. 

Case 18.—Hemeorrhoidectomy. Light nitrous oxide. The T-wave became nega- 
tive during the operative procedure and also persisted postoperatively. Extra- 
systoles of auricular and ventricular origin were noted with clamping of the hem- 
orrhoids. Dilating the rectal sphincter caused marked somatic tremors. 


Case 19.—Benign rectal tumor. Ether. The T-wave became absent during the 
operative procedure and negative postoperatively. The skin incision caused a com- 
plete auriculoventricular disassociation. When the fascia was reached sinus rhythm 
had returned. 

CasE 22.—Hysterectomy. Ether. There was a slight variation in the QRS 
voltage with the operative procedure. Ventricular extrasystoles, three in sequence, 
followed by a nodal beat, occurred with the sewing of the peritoneum. 

CASE 27.—-Fibromyomatous uterus. Ether with nitrous oxide induction. Early 
anesthesia decreased the P-R interval 0.04 second, and there was also a sino-auricular 
block which disappeared in later anesthesia. 

CasE 28.—Uterine suspension. Ether. The QRS complex was depressed after 
anesthesia, and the T-wave was depressed during the operative procedure and post- 
operatively. There was retrograde conduction and nodal rhythm with pulling on the 
round ligament and tube, showing simultaneous auricular and ventricular conduc- 
tion. This lasted for several minutes when sinus rhythm again appeared. 

Case 29.—Strangulated hernia. Ether with nitrous oxide induction. There were 
extrasystoles of ventricular origin with pulling on the hernial sac and strangulated 
omentum. The auricular complex changed in character for three successive beats 
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after each extrasystole. Extrasystoles occurred at various times during the opera- 
tive procedure. These changes were not noted with the control anesthetic induction 
or postoperatively. 

Case 31.—Appendectomy. Cholecystectomy. Ether. The QRS was notched in 
the control, but this was more apparent after the anesthesia was administered. There 
was nodal rhythm early in the operative procedure with a rate of 60. Clamping 


the appendix caused a return to sinus rhythm. 


Case 34.—Inoperable gastric carcinoma. Ether. The T-wave became flattened 
with anesthesia and remained so throughout the operative procedure. There was 


a change from sino-auricular to nodal rhythm. 


Case 36.—Hemorrhoids. Nitrous oxide with some ether. The P-wave became 
negative with clamping of the hemorrhoids and with packing. There were extra- 
systoles of auricular origin with dilation of the sphincter and clamping of the hemor- 
rhoids. Ventricular escape occurred during the exploration of the rectum. 


CasE 37.—Cholecystectomy and appendectomy. Ether. The T-wave was flat- 
tened postoperatively and became inverted six hours after the operation. During 
early anesthesia there was ventricular escape with a return to sinus rhythm which 
occurred twice in a short period of time. 


CasE 39.—Cholecystectomy. Ether. Ventricular escape and nodal rhythm was 
observed when the gall bladder was under tension, and with clamping of the cystic 


duct. 


CasE 42.—Cholecystectomy. Ether. In some instances during the operative 
procedure there was a retrograde conduction with nodal rhythm. 


Case 43.—Cholecystectomy. Ether. The T-wave showed some slight variation in 
voltage during the operative procedure. There was a complete block or ventricular 
escape while the peritoneum was being cut. 


Case 44.—Hydrocele. Ether. QRS complex was notched and slurred one week 
later showing myocardial disturbance. 


Case 45.—Gastric carcinoma. Ether. The T-wave disappeared with manipula- 
tion of the duodenum. There were extrasystoles of auricular origin with excitement 
during anesthetic induction, clamping of the blood vessels, and cutting of the 
fascia. There were also extrasystoles of ventricular origin during the first two pro- 


cedures noted above. 


Case 47.—Cholecystectomy. Appendectomy. Ether. The P-wave became smaller 
during the operative procedure. The P-R interval lengthened 0.04-0.06 second during 
the operative procedure. The S voltage likewise increased. The first day, post- 
operatively, there was an extrasystole of auricular origin. 


Case 48.—Appendectomy. Procaine and nitrous oxide later, just after completion 
of incision and before locating the appendix. In early nitrous oxide anesthesia, 
the T-wave was absent. Ligation of the appendix caused it to become small, and 
while the purse string was being placed, it became negative or diphasic. It was 
negative with cutting the appendix and persisted postoperatively one week later. 
The placing of the purse string caused ventricular escape, and nodal rhythm super- 
vened. Cutting the appendix changed the auricular complex. The P-wave became 
small in size and disappeared, with inversion for four beats, and then returned to 


normal, 


| 
| 
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Case 49.—Fibromyomatous uterus. Ether. In early anesthesia the T-wave was 
inverted and diphasic with manipulation of the uterus. In exploration of the lower 
abdomen there was ventricular escape with supervention of nodal rhythm, and retro- 


grade conduction was readily demonstrated. 


Case 57.—Appendectomy. Ether. A case of rheumatic heart disease. A mild 
waviness of the base line was suggestive of fibrillation of the auricle. The P-wayes 


disappeared under ether. 


CasE 58.—Thyroidectomy. Nitrous oxide. The control showed a very rapid rate 
of 190, which resembled an auricular flutter with a 1:1 ratio. There was one nodal 


extrasystole during early anesthesia. 


Case 59.—Cecostomy. Ether. During the early operative procedure the T-waves 
became more prominent. Later they were diphasic, and by the end of the operative 
procedure there occurred a definite but mild slurring of the QRS. 


Case 60.—Exploratory laparotomy. Nitrous oxide and ether. P-waves disap- 
peared during deep ether. They returned later. Some flattening of the T-wave was 
noted during the latter part of the operation. 


CasE 62.—Salpingectomy. Ether. During the course of the operation, P-waves 
became lower and T-waves slightly higher. 

Case 70.—Appendectomy. Nitrous oxide and ether. During deep nitrous oxide 
anesthesia, the T-waves showed some inversion and remained flattened through the 
ether anesthesia. They became upright, however, while the peritoneum was being 
closed, and the ether was still being given. 

CasEe 71.—Hysterectomy. Ether. Under deep anesthesia, the P-wave disappeared. 
It reappeared momentarily while the patient was changed to the Trendelenburg 
position. It disappeared when the ether was deepened for skin incision. It reap- 
peared for a minute during the last stages of the operation only to disappear again 


until the ether was lightened. 


Case 72.—Hysterectomy. Ether. Nodal rhythm appeared for a brief interval 
toward the end of the operative procedure. 

CAsE 77.—Gastrie resection. Ether. The rate slowed to 80, and the voltage in- 
creased after the pylorus was crushed and the stomach pulled out for resection. 

CasE 79.—Perineorrhaphy. Ether. Nodal rhythm appeared as soon as the patient 
was under deep ether anesthesia. 

CasE 82.—Choleeystectomy. Nitrous oxide and ether. On packing the gall bladder 
hed, QRS widened and became notched. The height of T-wave increased and the 
auricular complex disappeared. Ventricular rhythm was disturbed by probable 
extrasystoles. 

Case 83.—Cholecystectomy. Ether. Nodal rhythm began as soon as the patient 
was under deep ether anesthesia. It was associated with a mild increase in voltage. 

CasE 85.—Thyroidectomy. Nitrous oxide. T-waves and P-waves were practically 
fused in the controls. This fusing became more marked as the rate increased during 
the anesthesia. Marked tachycardia (140) developed as the incision was being closed. 

Case 87.—Thoracoplasty. Avertin. The patient ‘‘went bad’’ on the table. At 
this point the QRS widened and slurred, and a marked tachycardia developed. 

CasE 89.—Cholecystectomy. Ether. The P-wave was enlarged under moderate 
ether anesthesia but disappeared under deep ether anesthesia. It reappeared during 
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the early operative procedures, but disappeared when the ether was deepened in the 


later stages of the operation. At this point also, namely when the cystic duct was 


being cut, interpolated beats of nodal origin appeared. 

Case 90.—Cholecystectomy. Ether. Under deep ether anesthesia the P-waves 
became diphasic. In several of the electrocardiograms there were numerous small 
diphasie complexes which were probably artefacts but might have represented 
auricular activity. 


Case 91.—Cholecystectomy. Ether. Patient jaundiced. The only change noted 


was the appearance of nodal rhythm. 
Case 92.—Cholecystectomy. Ether. Nodal rhythm under deep ether anesthesia. 


Case 93.—Cholecystotomy for acute pancreatitis. Ether. Nodal rhythm under 
deep ether anesthesia. 


Case 94.—Cholecystectomy. Ether. Patient jaundiced. Low voltage while the 
patient was straining. Nodal rhythm began when the patient was fully under. P- 
waves returned for a short time during the course of probing the common bile duct 
but disappeared again while the same procedure was still under way. P-waves 


reappeared only when the ether was stopped. 


Disappearance of Control Abnormal Beats.—There was also another 
group of patients in whom abnormal beats were present in the control 
electrocardiogram, but were conspicuously absent later. 


Case 20.—Cesarian section. Ether. The control showed a sinus arrhythmia which 
disappeared with the operative procedure. 

Case 24.—Neurolysis of the ulnar nerve. Ether. The control waves showed 
extrasystoles of ventricular origin which were present with administration of the 
anesthetic but disappeared during the operative procedure and reappeared post- 
operatively. 

CASE 32.—Tuberculous peritonitis. Ether with nitrous oxide induction. The con- 
trol showed extrasystoles of ventricular origin which disappeared during the operative 


procedure and reappeared postoperatively. 


Somatic Tremors.—Three other eases showed marked somatie tremors 


with certain operative procedures. 


Case 4.—Vaginal fistula. Ether. There were marked somatic tremors with 


dilation of the rectum. 
CasE 9,—Hydrocele. Ether. There were tremors with puncturing of the hydrocele. 


Case 18.—Hemorrhoideectomy. Light nitrous oxide. There were marked somatic 


tremors with dilation of the rectum. 


Obstetrical Cases—Three obstetrical cases were followed during de- 
livery from the first to the third stages. No marked changes were 
noted except in the following cases. During pain in the first stage 
there was an increase of 70 in the heart rate. In the latter part of the 
first stage, the rate slowed. Very marked somatie tremors were noted 


in all three cases. 
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DISCUSSION 


in these cases in which deep anesthesia was used. 


sponsible for the nodal rhythm. 


normal sinus rhythm be reestablished. 


The most frequent important cardiae change found in these obser. 
vations was disappearance of the P-wave with assumption of nodal 
rhythm. Deep anesthesia was probably the single most important 
factor in eliciting it. The P-wave change was seen practically only 
Thus it was seen 
in thirty-two of the seventy cases in which ether was used, and only 
twice in the nineteen cases in which some lighter anesthetic was given, 
Among the ether cases it was seen especially in those cases requiring 
deeper anesthesia. Thus it appeared in fourteen of the twenty gall 


some time during the third stage of anesthetic induction and before 
any operative manipulation had begun. They usually disappeared 
near the close of the operation when the anesthetic was discontinued. 

Occasionally nodal rhythm did not appear until late in the opera- 
tive procedure. In these cases the patients were not deeply anes- 
thetized until some particular manipulation late in the operative pro- 
cedure required it. Such manipulations varied greatly in type, in- 
cluding pulling on the round ligaments, dilation of the rectum, 
ligating the cystic duct, ete. The anesthesia was always deepened at 


Deep anesthesia, however, is not the only factor in the production 
of these changes. Thirty-eight of the seventy ether cases failed to 
show the P-wave changes. Even with the same operation and same 
depth of anesthesia, they sometimes appeared and sometimes did not. 
There were probably several uncontrollable factors which influenced 
susceptibility to these changes. These clinical observations, however, 


bladder cases, and in four of the five herniotomies, and in none of the } 
three hydroceles. P-wave changes never appeared before the pa- ‘ 
tient was under moderate or deep anesthesia. They usually appeared | 


these points, but it is impossible to state in these instances whether 
the deepening of anesthesia or the operative manipulation was re- 


In four cases nodal rhythm appeared, then disappeared and re- 
appeared several times during the operation. It was observed that 
its appearance and disappearance corresponded to those periods in 
which the anesthesia was increased and decreased, respectively. 
was also noted that during the course of a single procedure, e.g., 
probing the common bile duct, the P-wave would at first appear nor- 
mal. Then the P-R interval would gradually shorten and the P-wave 
become depressed or notched until it was lost in the ventricular com- 
plexes. It might then appear superimposed on some limb of the QRS 
or on the R-T segment. It would seem here that the operative manipu- 
lation had induced the nodal rhythm, but within a minute or less while 
the same procedure was under way, the process might reverse, and 


It 
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did not establish what those factors were. Age and sex were not im- 
portant. The patients varied from twelve to seventy-three years in 
age. Cardiac changes were as frequent in the older patients as in the 
younger. They were as common in women as in men. Moreover, the 
condition of the patient had little to do with these changes. We 
selected certain toxic and septic patients, one very anemic patient, 
one emaciated patient and one in profound shock. The cardiae changes 
produced at operation were no different in character and frequency 
from those seen in patients in good condition. Apparently the gen- 
eral condition of the patient is not related to his susceptibility to 
cardiac changes. Thyrotoxicosis also failed to play any réle except 
in giving a basal tachyeardia. We had two eases in which there was 
previous cardiae disease, one rheumatic heart disease, the other coro- 
nary sclerosis, and these two also failed to show any noteworthy 
eardiae changes. 

In a previous paper,? evidence obtained from dogs suggested that 
icterus sensitized the vagal mechanism, and thus might aecount for 
the greater incidence of cardiae irregularities obtained in icterie ani- 
mals on distention of the biliary passages. Three of our gall bladder 
patients were jaundiced. The changes produced in them, however, 
were no different in character and frequency from those produced in 
the nonjaundiced gall bladder patients. Though none of these factors 
could be established singly as of direct importance, it may be that 
some summation of them is what finally determines an individual’s 
susceptibility to cardiae changes. 

The type of anesthesia was not important except as it controlled 
the depth of anesthesia. In a recent article by Hill* it is stated that 
chloroform was more toxie to the heart than other anestheties. The 
most outstanding irregularity he found was the production of multiple 
extrasystoles of ventricular origin. They occurred primarily during 
anesthetic induction, disappeared with deep anesthesia, and were not 
related to the operative procedure. Such changes were not observed 
in this series. However, chloroform was not used in any of our eases. 
Ether was used in almost all cases in which eardiae changes were 
produced. The three exceptions, one case under spinocain, one under 
avertin, and one under nitrous oxide and novoeain, demonstrate, how- 
ever, that it is not the ether which is specifically responsible for these 
changes, but rather the depth of anesthesia. 

Minor changes in the P-wave and shortening of the P-R interval are 
interpreted in the same light as the development of nodal rhythm. 
The voltage changes were probably a general somatic reaction rather 
than a specific viscerocardiac reflex. Their association with any oper- 
ative manipulation was neither constant nor specific, and they ap- 
peared also during anesthesia before any operative procedure was 
Started, and even after operation and anesthesia had been stopped. 


| 
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The same may be said of the T-wave changes. QRS changes indicate 
myocardial disturbance. They too appeared to be related to the 
toxicity of deep anesthesia rather than to any particular operative 
stimulus. Only twice in fifteen times in which it was observed did it 
seem that the QRS change was closely associated with an operative 
manipulation. In one e¢ase it was the packing of a gall bladder bed: 
in the other it was the evacuation of an empyema which apparently 
produced the change.* 

Extrasystoles and slowing of rate appeared as sharper responses, 
They were seen several times directly associated with some operative 
visceral stimulation, and it seemed that here on oceasion a true viscero- 
eardiae reflex had been produced. Extrasystoles appeared in thirteen 
of the eighty-nine cases. In two cases they appeared during anes- 
thetic induction, and in one ease postoperatively. Slowing of the 
pulse appeared in eleven of the eighty-nine cases. It appeared in six 
eases during anesthetic induction. In ten cases extrasystoles ap- 
peared in immediate association with a definite operative maneuver, 
such as pulling on a gall bladder (two cases), palpating a carcinoma- 
tous mass, crushing a hemorrhoid, incising a hernial sae (two eases), 
pulling on the omentum, ete. In four cases the pulse slowed while the 
gall bladder was being pulled, in two cases while the peritoneum was 
being cut, and once during traction on the mesentery. 

The type of operation did not seem to be important. An especially 
large number of gall bladder patients (twenty cases) were studied be- 
cause previous work? indicated that visceroeardiae reflexes might best 
be obtained from the biliary tract. Only four of the twenty showed 
extrasystoles. The type of operative manipulation did not seem to be 
important because extrasystoles appeared after all types of unrelated 
stimuli. Only two of the gall bladder cases showed extrasystoles in 
definite association with manipulation of the biliary tract. Four 
bradyeardial responses were directly related to pulling on the gall 
bladder, yet they were also seen after other manipulations. From the 
proximity of the stomach to the celiac plexus and diaphragm it seemed 
that gastric operations might be likely to elicit viscerocardiac re- 
flexes. Ressinger* found marked changes with a case of carcinoma 
of the cardia. We, too, found electrocardiographie changes in four 
eases of operation for gastric nedplasm, but three other cases were 
negative. In the four positive cases, only once was a bradycardia 
related to direct manipulation of the stomach. Extrasystoles were not 
seen in any of the gastric cases. In these observations there was no 
constant, specific connection between type of operation or type of 
operative stimulus and electrocardiographie disturbance. Only the 

*Bettman and Priest showed that if thoracoplasty caused a simple lateral shift of 
the heart, no electrocardiogram changes were produced. If, however, it caused rota- 


tion of the heart on its A-P axis (so that flow through the great vessels at the base 
was compromised), changes were produced. 
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bradycardia on pulling the gall bladder was suggestive of such a con- 
nection. Even in positive cases when the surgeon was asked several 
minutes later at the same operation, or at some other similar opera- 
tion, to repeat the particular manipulation with special force intended 
to elicit the cardiac disturbance, almost always nothing happened. 
The failure to repeat the result at the same operation might be ex- 
plained as a fatigue inhibition. The failure to repeat it at a subse- 
quent operation might be explained on the basis of some uncontrollable 
variable. 

The difficulty of obtaining electrocardiographie changes in response 
to visceral stimulation and particularly the difficulty of establishing 
any constant or specific connection between them does not, however, 
refute the importance of neurological connection between the viscera 
and the cardiae rhythm reflexes. The fact remains that in a certain, 
albeit small, percentage of cases electrocardiographie changes were 
produced which were directly related, in time at least, with a definite 
operative stimulus. The association of such changes with visceral 
stimuli has been demonstrated previously by experimental studies on 
animals? and by observations on normal unanesthetized human sub- 
jects. The routine conditions of clinical surgical procedures intro- 
duced several factors, however, which could not arbitrarily be elimi- 
nated, and which inhibited the cardiae responses. The positive results 
which were obtained were probably due to the fact that in excep- 
tional instances there was sufficient gap in the inhibitions to admit a 
viscerocardiae response. 

The deep anesthesia itself, though apparently responsible for the 
P-wave changes and perhaps partly responsible for the T-wave and 
QRS changes, may have been the most important factor in preventing 
the appearance of extrasystoles, bradycardias and other gross changes. 
The preoperative morphine and atropine which all our patients rou- 
tinely received may have had similar inhibitory effects. Thus it has 
been found that in experimental animals the injection of apomorphine, 
by causing nausea and vomiting, will elicit cardiac irregularities in 
a certain proportion of eases. Deep anesthesia, however, or large 
doses of morphine will abolish this effect (Crittenden). The pathway 
for the cardiac response is largely vagal; and atropine alone, it has 
been found, will also abolish the viscerocardiae reflexes produced by 
experimental apomorphine visceral excitation. In three of our own 
cases there was an abnormal cardiae rhythm during the controls, dur- 
ing anesthetic induction and postoperatively. During the operative 
procedure, however, with the patients under deep anesthesia, and mor- 
phine and atropine the cardiac abnormalities vanished. These three 
‘ases demonstrated quite definitely that deep anesthesia and morphine 
and atropine could abolish cardiac irregularities. It is conceivable 
that they exerted a similar inhibitory effect on the rest of our cases, 
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and thus could have succeeded in preventing the production of these 
irregularities. From a clinical standpoint, it may well be considered a 
favorable circumstance that the routine conditions of major surgical 
procedures automatically suppress the development of cardiac changes 
under visceral stimulation. 


CONCLUSIONS 


During major surgical procedures the most frequent electrocardio- 


graphic change is suppression of the P-wave and assumption of nodal 
rhythm. This occurred in thirty-four of the eighty-nine cases, and 
was probably chiefly a function of deep anesthesia. 


The type of anesthetic, the age and general condition of the patient, 


the cardiac condition of the patient, the type of operation or of opera- 
tive procedure or the underlying pathology for which it was done did 
not seem to be important in producing this change. 


Extrasystoles appeared in ten cases and bradycardia appeared in 


seven eases in apparent direct association with a visceral stimulation. 
No constant or specific relation could be established, however, be- 
tween the surgical procedure and the cardiae response. 
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Department of Clinical Reports 


OBSERVED ONSET OF BUNDLE-BRANCH BLOCK WITH 
CORONARY THROMBOSIS 45 HOURS LATER* 
C. Bruce Perry, M.D. 
Bristou, ENGLAND 

HE following case appears worthy of record because of the fact 

that the development of a bundle-branch block was observed elee- 
trocardiographically without any symptoms or change in physical 
signs. 

A. P., aged fifty-nine years, railway-shunter. November 17, 1933, referred to 
hospital by Dr. A. N. P. Milner, his panel doctor, for further investigation. 


Fig.1.—Electrocardiogram showing the onset of bundle-branch block in Lead _ II. 
Time marker indicates fifths of seconds. 


Patient complained of attacks of ‘‘heaving’’ pain in the middle of the chest. 
This pain was caused by walking, particularly up a hill, and passed off in one or 
two minutes when he stopped. He had noticed some dyspnea on exertion during the 
past year, but the first severe attack of pain was six weeks ago. The pain was 
usually associated with dyspnea. 

No previous illnesses of importance. 

Family History—Father died of a ‘‘seizure’’ aged sixty years. Mother died 
aged sixty-five years from ‘‘old age.’’ One brother died of ‘‘cancer’’ aged sixty 
years. Other siblings alive and well. 

Examination.—Radial and brachial arteries definitely thickened. No venous con- 
gestion in the neck. Apex beat and cardiac dullness normal, heart sounds faint 


except the second sound at the aortic area which was accentuated. Blood pressure 


*From University Center of Cardiac Research, General Hospital, Bristol, England. 
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190/100 mm. Retinal arteries appeared arteriosclerotic and the veins were ful], 
There were no abnormal physical signs in the lungs, abdomen or nervous system, 
The urine contained no albumin or sugar. Wassermann reaction was negative. An 
x-ray film showed no appreciable cardiac enlargement. An electrocardiogram (Fig, 
1) showed a normal tracing in Lead I and in the first half: of Lead IT, after which 
the ventricular complexes suddenly assumed the features of a bundle-branch block. 
Another electrocardiogram taken one and one-half hours later (Fig. 2) showed a 
bundle-branch block of ‘‘indeterminate’’ type in all three leads. There were no 
symptoms associated with this change in the character of the electrocardiogram 
and no alteration in the clinical physical signs. The patient stated that he felt 
quite well and was unwilling to remain in hospital. 

Subsequent history.—He returned home and was apparently well until November 
19, when he was seized with a severe substernal pain at 9 A.M. following an attack 
of flatus. The skin was cold and clammy and he complained of faintness. The 
pain lasted until 2 P.M. On this day the patient was visited by Dr. A. N. P. Milner, 
to whom I am indebted for this history. November 22, no further pain but com- 
plaints of great weakness. Suddenly his speech became very difficult and slurred, 


Fig. 2.—Electrocardiogram taken one and one-half hours later. Time marker indicates 
fifths of seconds. 


the mouth was drawn to the right side, and he lost the use of his left arm and 
leg. After this short periods of consciousness and unconsciousness alternated with 
complete hemiplegia. Death on November 26, one week after the attack of pain. 
No post-mortem examination. 


COMMENT 


It is difficult to correlate the onset of the bundle-branch block with 
a coronary thrombosis, since the characteristic pain did not occur 
until forty-five hours later. In view of the subsequent history of what 
appears quite definitely to be a cardiac infarction with later cerebral 
embolism from a detached intraventricular thrombus, it is difficult to 
avoid the conclusion that the electrocardiographic changes were the 
result of an organic myocardial lesion. Further, in those cases of 
bundle-branch block in apparently normal healthy adults, which are 
associated with attacks of paroxysmal tachycardia, reported by Wolff, 
Parkinson and White,' and by Wolferth and Wood,* there occurred a 
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shortening of the P-R interval with the onset of the abnormal ven- 
tricular complex. In this case, however, the P-Q interval (which is 
more strictly comparable) is unchanged by the onset of the bundle- 
branch block. It is tempting to speculate that the occlusion of the 
main coronary branch was of slow development and that a deposit of 
fibrin and platelets occluded a small branch supplying the lower part 
of the A-V bundle while the first electrocardiogram was being taken, 
and that the further growth of this thrombus was so slow that the 
lumen of the main artery was not occluded until forty-five hours later. 
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HEMOPERICARDIUM 


Report or A CASE OF UNKNOWN ETIOLOGY WrirH Recovery 
Two PericarbDIAL PARACENTESES. A REVIEW OF THE ETIOLOGY 
OF HEMOPERICARDIUM* 


BERNARD I. Comrog, M.D. 
PHILADELPHIA, Pa. 


ECENTLY we have had the opportunity to study a patient with 

a massive hemopericardium. Two pericardial taps were per- 
formed with removal of 600 and 900 ¢.c. respectively of almost pure 
blood. The patient is in good health one and a half years later. 


CASE REPORT 


The patient (No. 32-9640), an adult white male, aged fifty-seven years, was 
referred to the medical service of Dr. Alfred Stengel in the University Hospital 
from the surgical ward of Dr. E. Eliason, with the chief complaints of weakness, 
dizziness, and dyspnea. Except for an attack of influenza two months previously, 
the patient had been well until Feb. 25, 1932. In the afternoon of this date he 
beeame dizzy, chilly, and fell backward heavily against a stone wall. Following 
this he immediately experienced a severe smothering epigastric pain. Extreme 
dyspnea followed, together with an unproductive cough. This condition persisted 
until admission a week later. Past medical, family, and social history negative. 

Physical examination revealed temperature 99°, pulse 100, respiration 16, blood 
pressure 130 mm, systolic and 90 diastolic, orthopnea, and marked cyanosis. The 
cervical veins were greatly distended bilaterally, and many fine rales were heard 
throughout the chest. The apex beat was not palpable, and the cardiac dullness 
was greatly increased, extending from 8 em. to the right of the midline to the left 
anterior axillary line. No murmurs or thrills were elicited, and heart sounds were 
barely audible. The liver was tender and enlarged, extending from 4 to 5 finger- 
breadths below the right costal margin. A small mass was felt in the left upper 
quadrant, which was probably spleen. The extremities were negative except for a 
slight amount of dependent edema. 

Blood count showed a marked secondary anemia with a moderate polymorpho- 
A pericardial 


nuclear leucocytosis. The urine contained many red blood cells. 
This contained 


paracentesis was done with removal of 600 ¢.c. of bloody fluid. 
hemoglobin in a concentration of 48 per cent (Sahli) at a time when the hemoglobin 
of the peripheral blood was 55 per cent. 

Following the tap, marked subjective improvement was noticed as well as a 
definite reduction in the cardiac silhouette both on physical and roentgenological 
examination (Figs. 1 and 2). On culture the fluid was sterile, and guinea pig 
inoculations were negative for tuberculosis. Two days later a reaccumulation necessi- 
tated a second pericardial tap with withdrawal of 900 ¢.c. of bloody fluid which had 
a hemoglobin content of 20 per cent and gave a red blood count of 1,250,000 cells 
per «mm. No cholesterol crystals were seen. An attempt to produce a diagnostic 
pneumopericardium was unsuccessful, the air entering the pleural cavity whence 


*From the Medical Clinic of the Hospital of the University of Pennsylvania. 
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Fig. 


Fig. 


it was slowly absorbed. The patient gradually improved and was discharged in 
eight weeks, symptom free, with a normal sized heart (Fig. 3) and after absorption 
of the remainder of the pericardial fluid. 

Numerous laboratory examinations were made. In summary these were: negative 
blood Wassermann with all antigens, normal blood cholesterol, sugar, and urea 
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nitrogen, and normal phenolsulphonephthalein excretion. Repeated urine examina. 
tions for tubercle bacilli were negative. Fragility of the red blood cells was some. 
what increased, hemolysis beginning at 0.525 and being complete at 0.425; retieulo- 
cyte count was 3.4 per cent. Bleeding and clotting times and clot retraction were 
within normal limits. The van den Bergh test showed a negative direct reaction, and 
an indirect reading of 0.2 units. Icterus index was 10. Roentgen examinations of 
the skull, spine, pelvis, femora, and ribs were negative for any evidence of malignant 
disease. Intravenous urogram, done because of the persistence of red blood cells 
in the urine, was negative; however, a retrograde pyelogram of the left urinary 
tract showed a slight irregularity in the lower calices suggesting a possible pyelo- 
nephritis. An electrocardiogram contained some auricular extrasystoles, slurring of 
the QRS complexes and slight evidence of myocardial damage. 

During hospitalization, the temperature was practically normal at all times; the 
pulse, however, remained between 100 and 110. On discharge, red blood count 
was 4,500,000, hemoglobin 88 per cent, and white blood cells 9,000, with a normal 
differential picture. Urine was negative except for a few red blood cells. 

A ‘‘follow-up’’ in September, 1933, showed the patient to be in good general 
health with a normal tolerance for exercise. The heart was not enlarged (by per- 
cussion, roentgenogram, or orthodiagram), the sounds were of good quality, and 
no murmurs or thrills were found. The second aortic sound was moderately ae- 
centuated. An electrocardiogram again revealed some evidence of myocardial damage. 
Blood pressure was 210 mm. systolic, and 100 diastolic, as compared with his previ- 
ously normal readings. Abdominal examination revealed the liver extending from 
4 to 5 fingerbreadths below the right costal margin and firm, smooth, and not 
tender. The spleen was barely palpable. No other abnormal abdominal masses 
could be felt. Because of his freedom from symptoms, the patient could not be 
induced to return to the hospital for further studies. 


DISCUSSION 


Based on the reported eases, the causes of hemopericardium include 
the following: (1) tubereulosis'**; (2) rupture of sclerotic coronary 
vessels'*-"*; (3) wounds of the heart or aorta, and rupture of an aneu- 
rysm?*-?* ; (4) neoplasms**~*°; (5) hemorrhagic diseases**** ; (6) a post- 


38 


infectious sequel*® *°; (7) chronie nephritis.*” 

Tuberculous pericarditis is not infrequently accompanied by a hem- 
orrhagie effusion. This has seldom consisted of whole blood ; moreover 
the prognosis is usually fatal, with a life expectancy of from one to 
twelve months from the date of discovery of the effusion. In a recent 
review by Kornblum et al.° of 17 cases of tuberculous pericarditis, 
only one patient is said to have had bloody fluid. 

Rupture of sclerotic coronary vessels with production of hemoperi- 
cardium has usually been recognized only post-mortem. Aleott*® in a 
review of the literature found only 31 cases of rupture of one or both 
coronary arteries. It is unlikely that this would occur without some 
associated change in the electrocardiographiec findings. No disturb- 
ances of note were found in the electrocardiograms of our patient. 

Traumatic wounds of the heart, pericardium or aorta are not un- 
common. It seems unlikely, however, that the slight fall against the 
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wall which our patient experienced was responsible for a traumatic 
wound of these parts. During the past decade, ruptured aneurysms 
have become a rarity. 

Tumors of the heart and pericardium are rare and are usually 
without symptoms. Only one record has been found of a primary 
tumor of the heart diagnosed during life.2°. Primary tumors of the 
pericardium are usually sarcoma or lipoma, although rare instances 
of carcinoma and endothelioma have been reported. Hemorrhagic ef- 
fusion is not uncommon from pericardial or cardiae neoplasms, Tu- 
mors of any of the organs may give rise to metastasis to the heart. 
However, the duration of life is usually short and reaccumulation of 
fluid is rapid. 

Practically every hemorrhagic disease has been reported in asso- 
ciation with hemopericardium. Leucemia, purpura hemorrhagica, 
hemophilia, and primary anemia can easily be ruled out by appropri- 
ate blood studies. History of adequate diet and lack of other symp- 
toms makes scurvy improbable in our patient. In view of the slight 
reticulocytosis, and increased fragility of the red blood cells to hypo- 
tonic salt solution, the enlarged liver and palpable spleen, hemolytic 
ictero-anemia is a definite possibility. However, urobilin could be 
demonstrated at no time in the urine, and the van den Bergh test 
showed no essential change. If this be the correct diagnosis, the occur- 
rence of a hemopericardium with no other signs of hemorrhage is 
extremely unusual. 

Pericardial effusion secondary to chronic nephritis is usually straw 
colored or very slightly hemorrhagic. In only 1 of 18 autopsied cases 
of pericarditis in chronie nephritis did Barach** find a frankly bloody 
fluid. 

Another possibility which has been suggested is the simultaneous 
occurrence of multiple angiomas, liver, pericardium, and other organs 
being affected. This possibility could not be tested in our patient 
without exploration, which was refused by the patient. 

The cause of the bloody effusion in our patient remains unknown; 
however, in spite of an almost normal electrocardiogram, we are in- 
clined to believe that the hemopericardium resulted from rupture of 
a sclerotic coronary vessel in a hypertensive individual. 

The diagnostie features of hemopericardium, apart from the charac- 
ter of the fluid, are in no outstanding way different from those of a 
serous effusion. Tapping when necessary to relieve cardiac tamponade 
is best performed just outside the apex or in the costoxiphoid angle. 

Although the prognosis is poor, with a fatal termination in the large 
majority of cases, yet numerous reports of cure following evacuation 
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of a hemopericardium can be found.* ** * 
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SUMMARY 


1. A case with massive pericardial effusion of blood is reported with 


a clinical eure following two paracenteses with removal in all of 1,500 
e.c. of almost undiluted blood. 


2. The etiology of hemopericardium is briefly reviewed. 
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SYPHILITIC AORTITIS WITH ANEURYSM OF THE 
INNOMINATE ARTERY AND OCCLUSION OF 
THE LEFT COMMON CAROTID ARTERY* 


LAURENCE E. M.D., AND FRANK P. McNamara, M.D. 
DusuquE, lowa 


CCLUSION of the mouths of the coronary arteries due to syphilis 
is not an uncommon pathological finding. Syphilitie occlusion of 
larger arteries would seem to be a much rarer condition. 

Recently Motley and Moore! reported a case of syphilitic aortitis 
in which the opening of the left common earotid and subclavian ar- 
teries ‘‘would not much more than accommodate the shaft of a small 
pin.”’ They mentioned similar reports of syphilitic occlusion made by 
Preisdorfer? in 1878 and Darling and Clark*® in 1915. Several other 
reports of syphilitic occlusion were found in the older literature. In 
1882 Whitney and Blake* described a case of aneurysm of the innomi- 
nate artery with the orifice of the left common carotid artery only 2 
mm. in diameter and the orifice of the left subclavian artery entirely 
obliterated. In 1885 Suckling and Dendy® reported a case of innomi- 
nate aneurysm in which the orifice of the left common carotid artery 
was obliterated, while Blackman® reported an innominate and aortic 
aneurysm in which the opening of the left subclavian artery was a 
‘mere chink.’’ In 1902 while discussing surgery of aneurysms Fenger* 
wrote, ‘‘In some cases of aneurysm of the aorta as well as the innomi- 
nate artery the left common earotid artery is either obliterated or 
very weak.’’ Kaufmann‘ states that occasionally the larger vessels of 
the arch of the aorta are narrowed or occluded in syphilis of the 
aorta. 

CASE REPORT 

A white laborer, aged sixty-two years, came under observation in May, 1932, 
complaining of a dull aching pain in the left shoulder and arm, and a loss of forty 
pounds of weight. The onset was insidious and the symptoms had been noticed 
for one year. Relatives reported that the patient’s mental reactions had become 
much slower during the past five years and that he had complained of being dizzy 
at times during the past three years. 

There was no history of previous illness. The family history was not known. 
There were two children living and well. The wife was in good health. She had 
had no miscarriages or stillbirths. There was no history of venereal disease. 

Physical examination: The patient was a well-developed male, rather thin, and 
not acutely ill. The pupils were unequal and irregular and did not react to light. 
Under the right sternoclavicular joint a pulsating tumor could be felt. No arterial 


*From the Departments of Medicine and Pathology, Finley Hospital, Dubuque, 
Towa. 
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pulsation could be palpated on either side of the neck. The sternal ends of 
both clavicles were enlarged and tender. In the first interspace to the right of the 
sternum a soft blowing to-and-fro systolic and diastolic murmur could be heard. 
There was no increase in the supracardiae dullness. Examination of the heart, 
abdomen, and nervous system reveaied no abnormal findings. On the prepuce of 
the penis was a small whitish sear. There was some limitation of motion of the 
right elbow and shoulder. There was no arterial pulsation to be obtained anywhere 
along the right arm or at the wrist. The nails of the right hand were slightly 
eyanotic. Blood pressure, right arm 0, left arm 96/50. Fluoroscopy of the chest 


showed a diffuse pulsating enlargement of the arch of the aorta. There were 


Fig. 1.—Photograph of heart and great vessels: (a@) dilated ascending aorta; (b) 
aneurysm of innominate artery; (c) thrombosed right common carotid artery; (d) 
subclavian artery and thyroid axis; (¢€) occluded left common carotid artery; (f) 
enlarged left subclavian artery. 


no pathological findings in the x-ray pictures of the right shoulder and elbow and 
in the urine and blood Wassermann examinations. 

The patient was given mild antisyphilitic treatment for the next six weeks with 
some improvement at first. On May 27, 1932, the blood pressure was 70/56 in the 
right arm and 126/54 in the left arm. At the end of six weeks the patient was 
too weak to come into the office for treatment. He was next seen September 15, 
1932. The pulsating tumor was visible above the right sternoclavicular joint. The 
patient was not seen again until April 12, 1933. The pulsating tumor could be 
seen to extend 3 em. above the clavicle and was 3 em. in diameter. During the 
two months preceding, when the patient turned on his left side he had a sensation 
of smothering and began to lose consciousness. This was promptly relieved when 
the patient was turned on his back again. He died April 14, 1933. 
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The points of special interest at autopsy were: a moderate diffuse dilatation of the 
ascending and transverse aorta with fine linear striations characteristic of luetie 
mesoaortitis; 2 diffuse dilatation of the innominate artery, the length being 6 em, 
and the diameter 2.5 cm.; an old organized thrombus, found in the upper part of 
the innominate aneurysm, and a fresher thrombus found in the lower part; organized 
and ecanalized thrombi in the right common carotid artery and the right subclavian 
artery and all its branches except the inferior thyroid; absence of the orifice of 
the left common carotid artery, represented by a depression in the wall of the aorta; 
ubove the occlusion an organized thrombus which extended to the bifurcation into 
the internal and external carotid arteries; an unusually large left subclavian artery; 
and an osteochondritis of the sternal ends of both clavicles. Microscopically the 
aorta and innominate artery showed areas of perivascular round cell infiltration and 
an inerease in the scar and connective tissue with fragmentation of elastic tissue; 
the orifice of the left commen carotid artery was occluded by connective tissue 
infiltrated with nests of round cells about the blood vessels; hyalinization and round 
cell infiltration were seen around many of the vessels in the region of the pons; 
in the testes there was a diffuse increase of connective tissue between the tubules, 


These were interpreted as the results of syphilis. 
COMMENT 


This case presented many interesting pathological changes. The 
blood supply was one of the most remarkable features. Almost no 
blood reached the head through the right common carotid and right 
vertebral arteries and none through the left common carotid artery. 
At autopsy the heart, aorta and as much of the neck as possible were 
removed in toto. Unfortunately we did not suspect the occlusive lesion 
until the arteries were dissected out several days later. There was no 
evidence of thrombosis in the left internal and external carotid ar- 
teries. It is probable that blood from the left subclavian reached 
these arteries through the deep cervical artery by an anastomosis with 
the descending branch of the occipital artery, which is a branch of 
the external carotid artery. The symptoms of dizziness, retarded 
mental reactions and the sensation of smothering when lying on the 
left side can easily be explained on the basis of this unusual blood 
supply. It seems remarkable that the patient could live at all with 
such a large part of the ordinary blood supply obstructed. 

There have been many reports of aneurysm of the innominate artery 
associated with syphilis of the aorta. Reviewing the older literature 
one may say that syphilitic occlusion of the larger branches of the 
aortic arch also is not an extremely rare pathological finding. Darling 
and Clark* concluded from their study that occlusions of the carotid, 
innominate, subclavian, renal or mesenteric arteries occurred in 3.7 
per cent of syphilitic cadavers. Perhaps a more diligent search at 
autopsy would lead to similar reports now. 

Clinical diagnosis of these occlusive lesions may be made if one has 
this possibility in mind when examining cases of syphilis of the cardio- 
vascular system. Certainly it is easy to determine whether or not 
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there is a pulsation in the carotid and subelavian arteries. Vague and 
unusual symptoms may thus be explained. Finally a correlation of 
autopsy findings and clinical symptoms may lead to the formation of 
a definite symptom-complex in syphilitic occlusions of the larger 


branches of the aorta. 


. Preisdorfer, P.: 
3. Darling, S. T., and Clark, H. C.: 


. Blake, John G., reported by Mr. H. B. 


. Fenger, Christian: 


. Kaufmann, E.: 
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Selected Abstracts 


Department of Reviews and Abstracts 


Hart, Andrew D., Wood, J. Edwin, and Daughton, A. D.: Rheumatic Fever in 
Piedmont, Virginia. I. Incidence and Clinical Manifestations. Am. J. M. Se. 
187: 352, 1934. 

Two hundred instances of rheumatic disease observed during a six-year period 
at the University of Virginia Hospital have been studied in an effort to determine 
the approximate incidence of the disease as a whole and to note particularly the 
relative occurrence of its various manifestations. 

It would appear that rheumatic fever is of frequent occurrence in central 
Piedmont, Virginia, where it is three times as common as in the tidewater section 
of the same state. The arthritic forms of the disease, although mild and of such 
short duration as to suggest that they may at times escape detection, are rela- 
tively frequent and tend to recur in a fairly high percentage of cases. Serious 
and permanent damage to the heart is evidenced in a surprisingly large number 


of persons with rheumatic fever. 


Elliot, Albert H.: Anemia as the Cause of Angina Pectoris in the Presence of 
Healthy Coronary Arteries and Aorta: Report of a Case. Am. J. M. Sc. 187: 
185, 1934. 

A fifty-five-year-old woman with chronic anemia and repeated epistaxes had 
attacks of angina pectoris over a period of three years which became extremely 
severe with the occurrence of a febriie illness. At necropsy an hypertrophied 
but otherwise normal heart was found. The coronary arteries were thin walled 
and dilated; detailed study revealed no lesions in their walls other than ocea- 
sional flecks of lipoid on the intima; the aorta was unchanged. The physiological 
evidence is reviewed which indicates that anemia, by increasing cardiac output, 
may cause myocardial hypertrophy; that under these circumstances the adaptive 
limit of the coronary flow may be reached in the resting state and easily exceeded 
under additional physiological circulatory burden and that the resultant myo- 
cardial ischemia might express itself as an anginal seizure. It is suggested that 
such a mechanism could well explain both the clinical and the pathological! find- 
ings in this case. This study demonstrates that angina pectoris may occur in 


the absence of disease of the coronary arteries, myocardium or aorta. 


Laplace, Louis B., and Crane, Martin P.: Observations on the Production of Pain 
and Fatigue in Muscular Ischemia and Their Relationship in Angina Pectoris. 
Am. J. M. Sc. 187: 264, 1934. 

Observations were made in a series of 36 subjects on the relationship of 
ischemia to the development of pain and fatigue in the contracting muscles of the 
arm. The development of both pain and fatigue was favored by arrest of the 


circulation, but the two phenomena were not affected to the same extent by dif- 
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ferent degrees of ischemia or by variations in the type of work. In many cases 
the relatively early development of fatigue was able to terminate exercise before 
the manifestation of severe pain. Constitutional nervous sensitivity did not ap- 
pear to affect the pain of muscular ischemia. 

On the basis of these observations, it is concluded that constitutional nervous 
sensitivity is unlikely to be a significant factor in the occurrence of angina 
pectoris. The rarity of cardiac pain in congestive heart failure and its absence 
in many cases of coronary obstruction may be explained by the fact that the de- 
velopment of cardiac fatigue maintains the maximal work of the heart at a 
level below the threshold of pain production. 


Levy, Robert L., Bruenn, Howard G., and Kurtz, Dorothy: Facts on Disease of 
the Coronary Arteries, Based on a Survey of the Clinical and Pathologic Rec- 
ords of 762 Cases. Am. J. M. Sc. 187: 376, 1934. 


A statistical analysis was made of the autopsy and clinical records of 762 
cases of coronary artery disease observed at the Presbyterian Hospital during the 
period from 1910 to 1931. The facts apparent as a result of this survey are to be 
regarded as applying to this material; no general conclusions are drawn. 

Arteriosclerosis was the most common lesion, having been found in 97.2 per 
cent of the cases. Syphilitic aortitis, by inducing stenosis or occlusion of the 
coronary orifices, was responsible for impairing the coronary blood flow in 5.7 per 
cent. Syphilis did not play a réle in predisposing to coronary sclerosis. It was 
present no more frequently in patients with coronary disease than in those with- 
out it. 

In 2,877 consecutive autopsies, lesions of the coronary arteries were found in 
25.9 per cent. This is a strikingly high figure. 

In half of the cases showing sclerosis in the coronaries, the lesions were 
‘‘slight’’ or ‘‘moderate’’; in many of these instances, no functional impairment 
of the cardiae circulation was induced by such lesions. The lesser degrees of 
sclerosis were observed predominantly in the younger age groups; the more 
marked lesions developing with advancing years. 

In this series of autopsies, the incidence of coronary disease showed a slight 
but steady increase throughout a twenty-two-year period; but the increase was 
not nearly so great in the proved cases as was indicated by the figures based on 
clinical diagnosis alone. The reasons in explanation of these facts have been 
given. 

Coronary artery disease increased at all ages, but the increase was particularly 
noteworthy between the ages of twenty-five and forty-four years. There was a 
predominance of males. The number of cases increased in both sexes. 

Occupation did not appear to play a significant part in determining those 
whose vessels were affected. The largest percentage of coronary cases was found 
among foremen and skilled workers. 

The clinical diagnosis of coronary disease is being made with greater accuracy 
as well as with increased frequency. Many cases are latent and probably cannot 
be recognized during life. Even in the presence of calcification or stenosis, the 
diagnosis was made clinically in but 16 per cent of the cases during the years from 
1920 to 1931. During this same period, coronary thrombosis was correctly diag- 
nosticated in only 43 per cent of the cases. 

Arteriosclerotic heart disease was the most frequent primary cause of death. 
Cardiac insufficiency was the commonest terminal event. 

The increase in the incidence of affections of the coronary arteries is not to 
be regarded as a matter of concern. Rather should it be a source of satisfaction 
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that, due largely to effective control of infectious diseases, men may survive to 


an age when disorders incident to senescence lead to the termination of life, 


Averbuck, Samuel H.: The Differentiation of Acute Coronary Artery Thrombosis 
From Pulmonary Embolization. Am. J. M. Sc. 187: 391, 1934. 


Pulmonary embolus may cause a clinical picture indistinguishable from the 
syndrome of an acute coronary artery thrombosis. The case records and autopsy 
findings are presented of six patients in whom this problem in diagnosis occurred, 
In two the conditions coexisted. Some points of possible aid in differentiation 
are discussed. The possibility of successful surgical removal of pulmonary emboli 
as well as other differences in treatment makes this problem more than one of 


purely academic or diagnostic importance. 


Blumgart, Herrman L.; Roesler, Hugo; White, Paul D.; Brenner, Oscar; and 
Cutler, E. C.: Symposium on the Pulmonary Circulation. New England J. Med. 
209: 1259, 1933. 

The physiology of the pulmonary circulation was discussed by Dr. Blumgart, 
in this symposium before the New England Heart Association. Briefly he de- 
scribes the anatomical distribution of the vessels, the pressure relations within 
the right side of the heart and the pulmonary circulation and the effect of 
exercise, respiration and thyroid disease on this circulation. 

Dr. Roesler discussed the increasing importance of the x-ray study of the pul- 
monary circulation. Investigation of the cardiac patient by fluoroscopic study 
as well as by use of x-ray films was shown to reveal important changes in the 
hilar shadows and the pulmonary artery. The importance of pulmonary hyper- 
tension is becoming more evident, particularly in relation to left heart failure. 
Such studies are also valuable in congenital heart disease. 

Dr. White and Dr. Brenner discussed the pathological and clinical aspects of 
the pulmonary circulation. Three general conclusions to be drawn from the re- 
port are as foliows: (1) All pulmonary blood vessels are subject to a wide va- 
riety of pathological conditions; (2) sclerosis is as common in the pulmonary 
the pathology of the pulmonary blood 
the clinical 


circulation as in the systemic; and (3) 
vessels seems to influence very infrequently symptoms, signs, or 
course of disease, 

Dr. Cutler discussed pulmonary embolectomy. The operative technic is de- 
scribed briefly. It is believed that the operation is indicated when an early 
diagnosis can be made and when the operation can be performed without delay. 
Time is the chief factor, and when hespitals are fully prepared to carry out this 
procedure, more satisfactory results will accrue. 


Lamb, Arthur E.: Heart Disease in Pregnancy. Am. J. M. Se. 187: 177, 1934. 


The incidence of cardiac murmurs in, pregnant women in this series was 6.1 
per cent. Of these, 2.7 per cent had organic heart disease, while 3.4 per cent had 
functional murmurs only and no detectable lesion. 

The importance of recognizing functional murmurs has been pointed out. None 
of these patients showed the slightest evidence of cardiac strain during preg- 
nancy, and the follow-up shows that nearly all these functional murmurs disap- 
peared after pregnancy. 

The most frequently observed lesion was mitral stenosis with or without in- 
sufficiency. One-third of the cases of mitral stenosis decompensated, while no 
case of uncomplicated mitral insufficiency decompensated, demonstrating the im- 


portance of differentiating between these two lesions. 
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The functional classification of pregnant cardiac patients has been considered, 
and it was noted that 5 cases out of Classes 1 and 2 (a) decompensated, which 
is at variance with the work of Pardee who claims that Classes 1 and 2 (a) have 
an excellent prognosis. Other factors, in the author’s opinion, must be con- 
sidered in addition to the functional classification, such as the age of the patient, 
the family environment, the duration of the heart disease, and the extent of 
valvular damage. 

Most of the cases that decompensated did so before the onset of labor, and 
there was no relationship demonstrated between the month of pregnancy and 
the onset of decompensation. 

The mortality was 7.5 per cent, which falls within the mortality range of from 
5 to 10 per cent as reported by reliable observers. Two of these deaths were 
probably preventable. Consideration of the mortality of the patients having pre- 
natal care and those who did not, shows a death rate of 2.2 per cent in the former 
and in the latter 20 per cent, thus demonstrating the importance of prenatal care. 

The limited follow-up showed that 56 per cent were not worse following preg- 
nancy, while 43 per cent were. The need for further follow-up study to deter- 
mine what happens to the cardiac mother and her child after the lying-in period 


is obvious. 


Master, Arthur M.: Right Ventricular Preponderance of the Heart. The signifi- 
cance of Ventricular Preponderance and T-Wave Inversion in the Human Elec- 
trocardiogram. Am. J. M. Sc. 186: 714, 1933. 

Electrocardiograms from 173 cases in the last four years showing right ven- 
trivular preponderance of the QRS group were studied. The groups of diseases 
found to be associated with right ventricular preponderance are: (1) chronie¢ valvu- 
lar disease (57 per cent) with mitral stenosis alone or associated with other 
valvular lesions; (2) degenerative heart disease (21 per cent); (8) noncardiac 
diseases such as thyroid disease, bronchial asthma and emphysema and _ finally 
congenital heart disease and syphilis. Female individuals predominated in pa- 
tients with chronic valvular disease and male individuals in the degenerative 
heart disease group. 

Right ventricular preponderance with inversion of T, and T, is associated with 
the most marked right ventricular enlargement, with the largest hearts, with the 
most marked enlargement of the pulmonary conus and the left auricle, with 
markedly increased lung markings and congestion in the lungs and with the 
highest mortality (33 per cent). Right ventricular preponderance with inversion 
of T, alone is associated with a less marked degree of these anatomical changes 
and a mortality of 15 per cent and finally in right ventricular preponderance 
with any inversion of the T-wave at all, the least changes occur and the mor- 
tality is only 7 per cent. 

Auricular fibrillation was present in 40 per cent of the patients showing right 
ventricular preponderance with both T, and T, inverted, 17 per cent when T, 


alone was inverted, and only 7 per cent with no T-wave inversion. 


Kissin, Milton, Ackerman, Walter, and Katz, Louis N.: The Effect of the Heart’s 
Position on the Electrocardiographic Appearance of Bundle-Branch Block in 
Man. Am. J. M. Se. 186: 721, 1933. 

The present investigation was made to discover whether changes in the heart’s 
position caused a noticeable shift of the electrical axis in six individuals with 
so-called right bundle-branch block. Electrocardiograms were taken in various 


positions of the body and in different phases of respiration. Some degree of 
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shift in electrical axis appeared with change in position of the heart in every 
ease. Twice, marked changes in the electrical axis appeared, and the electro- 
cardiogram of a so-called right bundle-branch block changed to the indeterminate 
type of bundle-branch block. The position cf the heart as well as the site of the 
blocked bundle-branch determine the direction of the QRS of the electrocardio- 
gram of bundle-branch block. This may be the explanation of certain apparent 
contradictions in the findings of previous students of bundle-branch block. 

It is suggested that electrocardiograms heretofore interpreted as left and right 
bundle-branch block be reported simply as intraventricular block or ‘‘bundle- 
branch block configuration’’ and that no attempt be made to locate the blocked 
bundle-branch from the electrocardiographic appearance alone. 


France, Richard: The Large Q-Wave in Lead III of the Electrocardiogram. Am, 
J. M. Se. 187: 16, 1934. 


An analysis is made of 103 electrocardiograms characterized by a normal sinus 
rhythm with a significant Q-wave in Lead III. A study of the histories of the 
eases with reference to the electrocardiographic findings is presented. The path- 
ological alterations in the hearts of 12 of the cases are given. The relation of 
the Q-wave mechanism to occlusion of the right coronary artery and infarction 
of the posterior basal portion of the interventricular septum is discussed. 

The results of the present study are in accord with the observations of others 
to the effect that the large Q-wave in Lead III while sometimes present in the 
absence of heart disease, is frequently associated with serious myocardial damage. 
Furthermore, it is indicated that when this wave and additional evidence of myo- 
eardial disease exist in the record, angina pectoris is often present. Postmortem 
findings support the view that the deep Q, is commonly seen as part of the evi- 
dence of the electrocardiographic change occurring after thrombosis of the right 
coronary artery with subsequent infarction of the posterior base of the left ven- 
tricle and adjacent portion of the interventricular septum. 


Bunta, Emil: Blood Pressure Variations in Tuberculosis. Am. Rev. Tubere. 29: 
335, 1934. 


The object of the present study was to determine the range of arterial tension 
in tuberculosis. A greater divergence from the range of absolute normal pres- 
sures was noted in tuberculous than in normal patients with the same sex, age, 
und weight. It was found that pulse pressures manifest the widest variations 
chiefly at the expense of systolic pressures. Variations from normal arterial ten- 
sion are directed mostly toward hypotension levels. The trend in tuberculosis 
is toward relative hypotension rather than absolute hypotension levels. 


spicuous hypotension pressures are predicated on either pathological extent or 


Con 


clinical activity of tuberculous lesions. Of the two factors, clinical activity is 
the principal determinant. Progressive lowering pressures especially pulse pres- 
sures, parallel tuberculous activity, the degree of which is enhanced as the dis- 
ease approaches the far advanced stage. 

The practical import of these considerations is their application in the diagno- 
sis, prognosis, and treatment of tuberculous patients. From a diagnostic point 
of view, blood pressure observations are chiefly useful as clues or as confirmatory 
facts in the evaluation of clinical data. The trend of recurrent individual meas- 
urements toward normal findings speaks well for ultimate arrest of the disease. 
A progressive lowering of blood pressure, especially pulse pressure, calls for a 
guarded prognosis. The management of tuberculous patients, based on a program 
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of rest or exercise, discontinuance or resumption of employnient, preference of 
dispensary supervision or sanatorium care, depends in no small measure on in- 
formation derived from the individual blood pressure record. 


Berconsky, Isaac: The Blood-Respiratory Function in Black Cardiacs of Ayerza. 
Semana med. 1: 1569, 1933. 


This study is based on ten patients with so-called Ayerza’s disease (cardiacos 
negroes of Ayerza). These patients had an old chronic bronchopulmonary process 
with emphysema and developed an intense cyanosis without evident cardiac in- 
sufficiency as a cause of the cyanosis. Unless interrupted by an intercurrent 
process, six patients after several years showed a congestive cardiac failure which 
in several of the cases became the cause of their death. 

Argentine authors, pupils of Professor Ayerza, as well as authors of other 
countries, attribute the intense cyanosis and other symptoms and signs which 
these patients present, chiefly to a sclerosis of a branch of the pulmonary artery, 
to the cardiac failure, or to the reduction of the alveolar field in the lungs. 
According to the determinations carried out by the writer, it was found that 
due to the rigidity of the thorax, the vital capacity of these subjects is dimin- 
ished strongly between 40 and 68 per cent of normal. Since the tidal flow of 
air is also low, there is an alveolar hypoventilation with diminution of the oxy- 
gen alveolar tension (average 64, 33 mm. Hg) with a rise in the tension of car- 
bon dioxide (average 63, 27 mm. Hg). The low alveolar oxygen tension is the 
reason for the low arterial saturation (average 77, 92 per cent). The rise of 
the alveolar CO, tension determines the carbon dioxide excess (high alkaline re- 
serve with P,, normal) and serves as a compensating measure. The great quan- 
tity of the arterial reduced hemoglobin found also in the capillary vessels (aver- 
age 7.46 grams) explains logically the cyanosis (cyanosis arterial). Factors 
which help to intensify the cyanosis are the increased quantity of hemoglobin 
existing, the rise of CO,, and the development of a dilated capillary bed which 
these patients present. When the cardiac insufficiency appears, the cyanosis 
tends to be intensified, due to the circulatory congestion (cyanosis mixta). The 
inhalation of oxygen will modify the arterial cyanosis. 

The writer concludes that the cyanosis which is a symptom whereby the con- 


dition is called cardiacos negros is due to alveolar hypoventilation. 


Eppinger, Eugene C., and Midelfart, Peter A. H.: Stenosis of the Isthmus (Co- 
arctation) of the Aorta. Am. J. M. Sc. 185: 528, 1933. 


Three typical cases of coarctation of the aorta are presented and discussed 
briefly with emphasis on the history and physical findings. The salient point 
to be drawn from these cases is the fact that evidence of hypertension or hyper 
tensive disease in a young adult without renal disease should suggest the pos- 
sibility of coarctation of the aorta before considering the case as one of idio- 
pathic hypertension. A less important though none the less striking feature is 


intermittent claudication of the legs in the same period of life. 


Book Review 


Diz TONUSKRANKHEITEN DES HERZENS UND DER GEFASSE: IHRE BIOLOGIE UND 
THERAPIE. By Dr. J. Pal. Julius Springer, Vienna, 1954. 228 pages and 20 
illustrations. 


In this monograplt Professor Pal succeeds in combining a discussion of the 
biological basis of variations in muscle tone—particularly in muscle tone as it af- 
fects the heart and blood vessels—and a practical handbook written with clinical 
insight. In the first part of the book Dr. Pal discusses the cellular basis of tonicity, 
a function which he ascribes to the sarcoplasm as opposed to the kinetic function of 
the fibrillae of the muscle cells. He then considers the variations in tone of the 
heart and vessels, in health and in disease, as regulated by the nervous system and 
as affected by toxins and by drugs. Im the second part of the book he turns to 
the clinical picture resulting from hyper- and hypotonicity. Particularly interesting 
is his discussion of primary permanent hypertonicity of the arteries, which he con- 
siders as an independent, usually hereditary, disease of the blood vessels, leading to 
hypertension (‘‘essential hypertensicn’’), hypertrophy of the heart, arterial and 
arteriolar sclerosis, and other anatomical changes. He stresses the importance of 
the psychic factor on p. 134, saying: ‘‘The majority of patients with hypertonicity 
have—as long as they know nothing of their illness—no, or only slight, subjective 
symptoms. As soon as they learn that their condition is not normal, they feel sick, 
complain of their troubles and seek to find complaints. They are sick nervously 
and should be treated accordingly.’’ Dr. Pal takes up the symptoms, complications, 
treament and prognosis, emphasizing the fact that many members of hypertensive 
families live to old age. The entire book gives evidence of the author’s wide read- 
ing, independent work, and wise clinical viewpoint. 
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